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The Frequency of Binaries among A-Type Stars. 
Heimut Ast, Kitt Peak National Observatory.— 
Previously it was reported that an investigation of 
a random sample of 25 metallic-line (Am) stars 
showed that 88% gave evidence of binary motion. 
After a reasonable allowance for undetected bi- 
naries we concluded that all Am stars are members 
of spectroscopic binaries. 

This is a preliminary report on the binary fre- 
quency among the normal field stars in the same 
region of the color-magnitude diagram as the Am 
stars. A sample of 57 such stars (A4-F2 V, IV) was 
observed repeatedly with the McDonald 82-inch 
coudé and Mount Wilson 60-inch Cassegrain spec- 
trographs. Complete measurements on 24 stars 
yielded nine spectroscopic binaries, indicating a 
frequency of at least 35%. However, surprisingly 
all nine binaries have periods greater than 100 days; 
also none of the remaining 33 incompletely measured 
stars have large velocity variations. Therefore it 
appears that all stars in this region of the color- 
magnitude diagram that are members of binaries 
with periods less than 100 days have abnormal 
spectra while the single stars have normal spectra. 

The way in which duplicity affects the spectral 
appearance is probably through its effect on the 
rotational velocity. There are no rapidly rotating 
Am stars or slowly rotating normal ones. Perhaps 
rapid rotation inhibits the magnetic fields which, 
in turn, may (according to Unsédld and Béhm- 
Vitense) account for their peculiar spectra. 


High-Contrast Electronic Image-Orthicon Tech- 
niques Applied to the Lunar Surface. R. AIKENS, 
W. Powers, and J. A. Hynek, Dearborn Obser- 
vatory, Northwestern University.—The current in- 
terest in the structure and mapping of the lunar 
surface. has led to the increased use of various 
methods of investigating the lunar surface, e.g., 
photographic stereoscopy over the entire range of 
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lunar libration and the sequential photometry of 
lunar shadows, as presently employed by the Army 
and Air Force, respectively. 

The advent of high-contrast image-orthicon 
techniques appears to offer a valuable and versatile 
variation of the conventional point-by-point pho- 
tometry of the lunar surface. By a combination of 
the subtraction of a constant background and the 
subsequent variable expansion of the residual range 
of brightness, it is possible to emphasize relatively 
minor differences in contrast, without the loss of 
gray-scaling, nearly simultaneously over the entire 
lunar surface. The effects of the inevitable increase 
in noise attendant in this technique can be effec- 
tively minimized by the use of long-persistence 
phosphors on the viewing screen and the use of 
relatively long exposures with the recording camera. 

The application of these techniques is at present 
a part of the image conversion program at the 
Dearborn Observatory. They are particularly 
adaptable to the detection of minor differences in 
lunar albedo and are capable of delineating fine 
differences particularly in the lunar maria, especially 
at full lunar phase, when lack of shadows limits the 
effectiveness of conventional photography. The 
method, therefore, offers more promise in the de- 
tection of differences in texture, and by inference, 
composition, of the lunar surface rather than in 
contour determination. 

Movies illustrating a run across the full moon at 
constant contrast, the effects of variation of 
contrast discrimination near the subsolar point, and 
preliminary studies of relative photometry of line 
elements using the video signal itself, have been 
made. 


Dust Particles of Micron Size Associated with the 
Leonid Meteor Stream. W. M. ALEXANDER, C. W. 
McCracken, and H. E. LaGow, Astrophysics 
Branch, Goddard Space Flight Center, National 
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Aeronautics and Space Administration.—Data from 
the acoustic system mounted on the satellite, 19597 
(Vanguard III), for registering impacts of inter- 
planetary dust particles on the satellite show a par- 
ticularly high level of activity during the 16-17 
November Leonid meteor shower. Approximately 
2800 impacts of particles with momenta greater 
than 1X10~ dyne sec occurred within a 70-hour 
interval. The limiting mass sensitivity of the de- 
tector for particles of the Leonid stream was 
IES L Omer: 

Two of the sampling intervals contained impact 
rates of about 7 times the average impact rate for 
the 70-hr interval. One pass of 6™+20° duration 
contained 200+10 impacts, giving a impact rate of 
50 times the average rate. In contrast, one sam- 
pling interval of 2.3-hour duration contained no 
impacts. A histogram of the impact rate reveals 
large variations in the impact rate, implying that 
there is considerable fine structure in the stream. 

The presence in the meteor stream of particles 
of the sizes measured and the fluctuations in the 
impact rate of such particles are of considerable 
interest in the study of comet and meteor-stream 
evolution. Since dynamical perturbations and the 
Poynting-Robertson effect will tend to rapidly 
disperse concentrations of small dust particles, the 
association of such concentrations with a meteor 
stream suggests a rather recent origin for the 
observed particles. The possibility of observing 
dust particles in the micron-size range within par- 
ticular meteor streams is discussed on the basis of 
known characteristics of the streams. 


Further Evidence of Broadening of Cat Line 
Profiles in Chromospheric Spicules by Magnetic 
Fields. R. Grant ATHAy, High Altitude Obser- 
vatory.—Profiles of the H, K, 8498, and 8542 
lines of Catt, He of hydrogen and \7772 and X7774 
lines of Or for chromospheric spicules are used in 
conjunction with earlier observations of hydrogen, 
helium, and Catz profiles to investigate the line- 
broadening mechanisms. The Carr profiles are all 
markedly non-Gaussian, and, with the instru- 
mental resolution used, are indistinguishable from 
rectangular profiles. The total linewidths at the 
half-intensity points are 0.86 A for the H and K 
lines, 1.28 A for \8542, and 0.90 A for 8498. All 
profiles studied other than those of Cam and Ha 
are Gaussian in shape and consistent with a kinetic 
temperature of the order of 40-50000° and a 
macroscopic broadening velocity of about 8 km/sec. 

The width of \8498 corresponds to a broadening 
velocity of 16 km/sec. Self-absorption is shown to 
be negligible in this line. Hence, the Cait lines are 
apparently broadened by a macroscopic motion not 
shared by the neutral atoms. This additional 
motion of the ions may arise from an interaction 
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between the systematic spicule velocity and mj 
netic lines of force. Both the shapes and widths|{ 
the 8498 profile car be explained by or fall 
that the Call ions either spiral about, or folly 


as may be induced by hydromagnetic ee 
the densities occurring in spicules, the neut: 


of the ions. | 
~ The Eke and 8542 lines of Cait show an adf. a 


and H. H. Swope, Mount Wilson and Palomar CO} 
servatories.—Draco, a dwarf galaxy similar to tl] 
Sculptor system, has over 260 variables. The 1.) 
variables in the center of the cluster were measure| 
Of these all but five proved to be RR Lyrae typ} 
only seven of which are Bailey’s type c’s, the othe} 
are type a’s. The mean period of the type a’s | 
07611. Two-thirds of the variables have good ligl} | 
curves and the rest show differing amounts of an} 


than parables val corresponene periods 
globular clusters.” | 

The magnitude of the mean intensity in B of onl 
RR Lyrae stars is 20"48, which gives a distance oc} 
99 kpe and a diameter of 1380 pc for Draco, as} 
suming an absolute magnitude of the RR Lyra 
variables as +0™5. 

The color-magnitude diagram is similar to glob 
ular cluster diagrams, showing that it is an olc| 
system of population II. The horizontal branch ha 
few stars on the blue side of the Hertzsprung gay 
and a strong red branch. The giant branch -at 
B—V=1™4 is 3™0 brighter than the horizonta 
branch which indicates that the stars of the Dracc 
system are metal poor. There are a few details in 
the color-magnitude and luminosity diagrams that 
seem to differentiate it from a typical globular 
cluster. | 


The Pulsations of Models of 5 Cephei Stars. 
N. BakER (now at Convair Scientific Research 
Laboratory, San Diego, California) and R. KrppEn- 
HAHN, Max-Planck-Institut fiir Physik und Astro- 
phystk, Miinchen, Germany.—Model envelopes of 
five population I stars in and near the 6 Cephei 
region of the Hertzsprung-Russell diagram have 
been constructed by numerical integration of the 
equations of hydrostatic equilibrium, assuming 
radiative energy transfer. Linearized time-de- 
pendent equations representing radial pulsations of 
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vil equilibrium models were then solved numeri- 
ally in order to study their stability against 
‘pulsation. An upper limit for the damping in the 
‘ il ee was estimated. It is found that a star in the 
‘5 Cephei region (M=11.5Mo5, L=5000Lo, T. 
- |= 5390°) having a period of 6° is pulsationally 
~ unstable due to the destabilizing effect of the Het 
4 |eeetion region. Overtone pulsations of this model 
«wall are damped. Models having higher effective tem- 
“peratures than Cepheids, as well as stars having 
._ {Smaller mass or higher luminosity, and obeying the 
“same period-density relation as Cepheids, are 
stable. 


' Star Catalogues on Punched Cards and Mag- 
“netic Tape. J. H. BeERBERT, National Aeronautics and 
“" Space Administration, Goddard Space Flight Center. 
'—Announcement is made of the completion of the 
-punched-card star catalogue which includes the 
‘l data for 300 000 stars taken from the AGK», the 
oi Yale Zone, and the Cape Photographic Star position 
oy catalogues on punched cards and magnetic tape. 
‘'S) The anticipated application of the punched card 
a catalogue i is to automatically identify the stars used 
in the plate reductions of the Minitrack calibration 
photographic plates. Instructions are given on how 
i to obtain duplicates of the punched cards or mag- 

netic tapes from the Technical Information Divi- 
s sion, Goddard Space Flight Center, National Aero- 

nautics and Space Administration, Greenbelt, 

ty Maryland. 
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i Stellar Flux Measurements in the Middle Ultra- 
“ violet. ALBERT Boccess, III, Astrophysics Branch, 
Wi seaora Space Flight Center, National Aeronautics 
and Space Administration.—The program of rocket- 


"based broad- bandpass stellar photometry at 
“ultraviolet wavelengths is being continued. Small 
photometers are employed using combination inter- 
| ference and crystal filters which isolate 250-A bands 
“centered at 2600 and 2200 A. A band at 2700 A is 
used as a control to compare the present data with 
those previously obtained at the latter wavelength 
“ (Boggess and Dunkelman 1958). Absolute fluxes 
“have been obtained with an accuracy of about 20%, 
and when these data are combined with ground 
_ observation, colors below and spanning the Balmer 
_ discontinuity may be formed for comparison with 
conventional visual color data. 


Color-Magnitude Arrays for Two Associations in 
the Large Magellanic Cloud. Bart J. Box, Pris- 
cirtA F. Box, and JANE M. Basinsxki, Mount 
Stromlo Observatory.—The paper is concerned with 
color-magnitude arrays of stars between m,=11 
and 15 (M,=—7.5 to —3.5) in two star concen- 
trations in constellation III of the Large Magellanic 
Cloud, NGC 1955 and 1968-1974, and their im- 
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mediate surroundings. UBV colors of selected OB 
stars (VM, near —6.0) show that: (1) interstellar 
reddening is very small or absent; (2) the (B—V)o 
colors predicted from the observed values of (B— V) 
and (U—B) are in excellent agreement with those 
predicted from the spectral data; (3) in color the 
OB supergiants of luminosity class Ia in the Large 
Cloud behave exactly like the class Ia supergiants 
in our galaxy. The two color-magnitude arrays are 
affected only very slightly by foreground stars. 
They show that most of the stars in these two 
groupings fall either in the color-interval B—V 
= —(.4 to —0.1 or in the interval B— V=+0.4 to 
+0.8, with the very blue stars outnumbering those 
with positive color indices by a factor of 3 or 4 to 1. 
The membership in the cloud of the very few stars 
outside these ranges requires checking. 


A Radio Telescope with a Minute-of-Arc Beam. 
R. N. BRACEWELL, Radio Astronomy Institute, 
Stanford University—Fan-beam radio interferom- 
eters with a beamwidth of one minute of arc, which 
have been demonstrated at Ottawa and Stanford, 
make it certain that there are no fundamental 
objections to minute-of-arc resolution. The cost of 
maintaining a suitably figured reflector in shape 
does, however, rule out the simple paraboloidal 
design; its dimensions would be between 2000 and 
3000 ft at 21 cm. To reach these sizes one must 
change to designs that can grow with time at a 
constant cost per increment. This means iterated, 
multifocus structures, which possess unwanted 
grating responses. Techniques of suppression that 
make them feasible have been developed. 


Helium Resonance Radiation in the Night and 
Day Sky. JoHn C. Branpt, Mount Wilson and 
Palomar Observatories—The intensities expected 
from the helium resonance lines scattered by inter- 
planetary and terrestrial helium are estimated. The 
apparent emission rates for these lines from the 
interplanetary medium are very small (47/<1R), 
since it appears that helium flowing from the sun 
does not have time to recombine. Hence, helium in 
the interplanetary medium is probably predomi- 
nantly Hei. The emissions from the upper atmos- 
phere have been estimated on the basis of assump- 
tions concerning the escape of atmospheric helium. 
Very little emission is expected on the night side 
(4r7<10R), but on the day side, an observer 
looking down from several earth radii should see a 
substantial amount of A584 Her. A mean _ of 
4aJI(\584: day) ~10'R is found, which could be as 
high as 1400R with the sun in the zenith. 


Supergiant B stars in the Small Magellanic Cloud. 
WILLIAM BuSCOMBE and PAMELA M. Morris, 
Mount Stromlo Observatory—For each of the B 
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stars in the SMC listed in the Henry Draper 
catalogue, two spectra of the highest dispersion 
available at the Newtonian focus of the 74-inch 
telescope (90 A/mm at Hy) were studied in detail. 
Four-hour exposures were required to maintain 
homogeneous photographic density with maximum 
resolution (projected slitwidth 18 »), uniform widen- 
ing to 0.4 mm, similar to plates of brighter stars in 
the Galaxy which have already been classified on 
the MK system. 

Equivalent widths have been measured for about 
10 lines in the violet, which show good agreement 
with galactic supergiants of luminosity class Ia and 
corresponding spectral types. Typical values for the 
Balmer lines range from 0.6 to 1.8 A, and for well- 
resolved helium lines from 0.2 to 0.7 A. 

The stellar radial velocities, with excellent inter- 
nal consistency, follow closely the results of 21-cm 
observations of the adjacent neutral hydrogen in 
the Small Cloud. HD 5713 and 7222 are foreground 
main-sequence stars in the Galaxy. Single spectra 
of two emission nebulae in the Cloud were obtained. 


Evidence of Isostasy and Differentiation on the 
Moon. WINIFRED SAWTELL CAMERON and JOHN A. 
O'KEEFE, Theoretical Division, Goddard Space 
Flight Center, National Aeronautics and Space Ad- 
ministration.—All maps of the moon show that the 
maria are lower than the surrounding highlands, 
hence the pressures immediately below the surfaces 
of the maria are less than those beneath nearby 
continents. Hydrostatic forces, which tend to lift 
the maria surfaces, might in principle be resisted 
either by mere mechanical strength, or by greater 
weight in the material underlying the maria, which 
would bring about hydrostatic equilibrium at a 
depth of a few tens of kilometers as on earth. A 
decision between these two hypotheses is possible 
in virtue of the presence of half-drowned, inward- 
tilted craters around many maria. These indicate 
that the maria sank (presumably under the addi- 
tional load of the mare material) even though they 
were already below the average level. If the maria 
floors are kept down by mechanical strength, they 
should tend to vise, even after the addition of new 
material. The tendency to sink means that they 
already had denser material at depth. A particu- 
larly clear case of sinking is furnished by the region 
of the Straight Wall. 

On the assumption that tektites come from the 
moon, the outer layers must be of a more acid com- 
position than heretofore considered. A granitic 
crust implies differentiation which, on earth, is 
accomplished by predominantly acidic igneous 
activity. The extreme flatness, radar 10 cm smooth- 
ness, feather edges, and ghost craters of the maria 
can be explained by ash flows such as come from 
highly acid volcanoes; certain rugged mountains, 
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e.g., Piton, can be explained by emission of very 
viscous acidic lavas. | 

The constitution here suggested for the lunar 
maria is similar to that of a terrestrial ocean, 
namely, a basaltic substratum, covered by a few 
kilometers of acid volcanic ash flows, analogous to 
the submarine turbidity flows which produce the 
graywackes. 


Model for Pre-Supernova Stars. H. Y. CHIvu, 
Institute for Space Studies, and Laboratory of Nuclear 
Studies, Cornell University (National Academy of 
Sciences and National Research Council NASA 
Research Associate).—When the internal tempera- 
ture of a star exceeds 10° °K the evolution is very 
rapid (H.-Y.-Chiu and P. Morrison, Phys. Rev. 
Letters 5, 573, 1960). The time scale is around 3000 
years. Energy dissipated by emission of neutrinos 
is several orders of magnitude higher than that by 
optical radiation. Neutrinos have exceedingly long 
mean free path (~10” g/cm?) and they will escape 
as soon as they are produced. The star will contract 
to release gravitational energy to make up the 
energy lost to neutrinos and the internal tempera- 
ture will rise to comply with the virial theorem. It 
is possible in this fast evolutionary phase to neglect 
optical radiations altogether as compared with the 
neutrino radiation. Then the equations of the core 
are much simplified. A simple model has been 
constructed and analytical solutions obtained. The 
resulting star becomes a supernova via the iron- 
helium transition mechanism as suggested by Bur- 
bidge et al. (Burbidge, E. M., Burbidge, G. R., 
Fowler, W. A., and Hoyle, F., Revs. Modern Phys. 
29, 547, 1957). The model consists of a perfect gas 
sphere and a neutrino energy loss function of the 
type dU/dt= — UoT (in ergs/g-sec), where U is the 
internal energy per gram of matter and U5 is a con- 
stant; 7 is the temperature. Initially the star has 
the structure of a polytropic gas sphere of index 1.5 
The star evolves into a supernova via homologous 
transformations. This property is a result of our 
simplified neutrino energy loss function, and is not 
likely possessed by the actual star. The general case 
will be studied on a computer. 


The Dynamics of Supernova Explosions, 
STIRLING A. COLGATE, WILLIAM H. GRASBERGER, 
and RicHarD H. Wuite, University of California.— 
We have calculated the dynamical implosion of a 
supernova star 10 Mo using an equation of state 
that includes the thermal decomposition of iron to 
helium (Burbidge, E. M., Burbidge, G. R., 
Fowler, W. A., and Hoyle, F., Revs. Modern Phys. 
29, 547, 1957) and helium to neutrons and protons. 
Starting from an initial equilibrium star of a poly- 
trope oi index 3, a mock-quasistatic evolution 


evolves the star by 23% total change in energy 
until a dynamical collapse takes place. The validity 
lof the calculation is limited to p <3X10!! g/cc cor- 
responding to a compression of the central zones 
of 10% at which point the transformation to a 
heutron star by inverse beta decay occurs within the 
dynamic time of the implosion. The pressure at 
‘this time is one-half that required for mechanical 
ae of the star, so that further collapse to a 


heutron star is expected, provided the fractional 
energy in rotation or magnetic fields is small. The 
“bounce” of a neutron star due to adiabatic com- 
pression will occur at very much higher densities. 
‘We created a “‘bounce”’ artificially after 10*-fold 
‘compression, assuming that the initial rotational 
energy of the core was 10-% of the internal energy. 
The bounce forms a shock wave which ejects 
approximately 1 solar mass with a specific energy 
(2X10 ergs/g) equal to its gravitational potential. 
‘This potential at the ejection mass-cut depends in 
‘turn on the dynamical energy of the core implosion, 
but excluding the inverse beta decay, the shock 
strength heats the ejected mass to 4.0 10° deg and 
compresses it to 10’ g/cc. The temperature and 
density time history of the subsequent expansion 
determines the nuclear composition of the ejected 
material and this is independent of the initial state 
because the fractional thermonuclear energy addi- 
tion is small compared to the shock energy. The 
characteristic expansion time starts at 0.07 sec 
increasing to 0.4 sec at 10° density while the tem- 
perature falls 4 as fast. This work was done under 
the auspices of the U.S. Atomic Energy Commis- 
‘sion. 


_ Experimental f values for 70 Elements. C. H. 
‘Coruiss, National Bureau of Standards, Washington, 
D. C.—Relative intensities of 39 000 spectral lines 
with wavelength between 2000 and 9000 A have 
been determined on a uniform energy scale for 70 
elements. The light sources were arcs between 
copper electrodes in which a single element was 
added in the amount of one atom of element to 
1000 atoms of copper. The spectra were calibrated 
with standard lamps. The temperature of the arc 
was determined, by comparison of the observed 
intensities with published relative gf values, to be 
$100 °K+2%. The degree of ionization of each 
element in the arc was determined by comparison 
of intensities in spectra of neutral and ionized 
atoms with absolute gf values. Knowing the tem- 
perature and the ionization, relative values of gf 
on a uniform scale can be calculated for the 25 000 
lines which have been classified. By calibration with 
known absolute gf values, the scale can be put on 
an absolute basis. It is expected that the resulting 
values will be of moderate precision. 
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Photometry of G and K Giants. D. L. CRAWForp, 
Kitt Peak National Observatory, Tucson, Arizona.— 
Using the 36-inch and the 16-inch reflectors on Kitt 
Peak, the author has obtained narrow-band photo- 
electric photometry on about 200 bright G and K 
giants. Seven filters were used, with the charac- 
teristics shown in Table I. The first four filters 
define a four-color system currently in use on A and 
F stars by Dr. Bengt Stromgren, and by the author 
on B stars, as well as the G and K giants. Two 
color differences are formed from these filters: (1) 
m=(y—b)—(b—v), an empirical measure of the 
metallic absorption in the v bandpass relative to the 
b and y bandpasses, and (2) c=(b—v)—(u—u), a 
measure of the Balmer discontinuity. The last three 
filters define two indices of special interest for 
late-type stars. The first is a measure of the break 
in the spectrum across the G band, and is defined as 
G= (14370/ [4265). The second measures the break in 
the spectrum across the CN band head at 4216 A; 
it is defined as V= (L4265/L4160)- 


TABLE I. 
Filter Wavelength Half-width Transmission 
y 5480 A 220 A 72% 
b 4700 100 80 
v 4090 128 59 
u 3450 380 38 
a 4370 62 42 
b 4265 66 41 


c 4160 44 32 


An analysis of the observed parameters indicates 
the following results: (1) The index G is strongly 
correlated with MK spectral type and with color 
index. (2) There is a clear separation in the index 
N between stars with space velocities greater than 
60 km/sec and those with less than 20 km/sec. 
(3) Stars with strong or weak CN anomalies (in 
chemical composition) show such an anomaly in V 
as well, and to a smaller degree in the metallic-line 
index m. (4) There is a correlation between the CV 
strength and luminosity, and to some extent 
between m and luminosity. The correlations between 
m and My and between N and My are in the 
opposite sense to the correlation between chemical 
composition effects on NV and on m, This makes it 
possible to use m to remove, at least to first order, 
the effect of varying chemical composition on the 
parameter NV and hence to use the corrected NV to 
obtain accurate absolute magnitudes. 

It is intended to extend this spectrophotometric 
classification scheme to the G and K giants in the 
region of the north galactic pole. 


The Solar Continuum in the Extreme Ultraviolet. 
C. R. Detwiter, J. D. PurcELL, and R. TouseEy, 
U. S. Naval Research Laboratory —The intensity 
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distribution in the extreme ultraviolet solar con- 
tinuum has been determined from the spectra 
obtained on April 19, 1960. The radiation tem- 
perature decreases gradually from 5000°K at 
2080 A, to 4700°K at 1750 A. From 1510 to 1280 A 
the level lies between 4700° and 4750°K. Below 
1280 A the continuum rises rapidly in the wing of 
Lyman-alpha as the line center is approached. The 
wings of Lyman-alpha are nearly symmetrical in 
terms of intensity, but not in radiation temperature. 
Shortward of Lyman-alpha the temperature level 
drops to a minimum of about 5100°K at 1180 A, 
then rises gradually to 5800°K at 1000 A, and this 
rise appears to continue throughout the region of 
the Lyman series, although only a trace of exposure 
was obtained. The Lyman continuum level from 
912 to 880 A was determined as 6680°+100°K. 
Smooth regions of slightly increased radiation 
temperature below 1526 and 1101 A suggest en- 
hancement from the ionization continua of Sz and 
Ci, respectively. The absence of Fraunhofer lines 
shortward of 1526 A indicates that the continuum 
is entirely chromospheric below this wavelength. 
Here the continuum, like the emission lines, is 
enhanced in plage regions. 


Behavior of Absorption Features in the Spectra 
of Mira Variables. A. J. Deutscu, P. W. MERRILL, 
and P. C. KEENAN, Mount Wilson and Palomar 
Observatories and Perkins Observatory—Comparison 
of coudé spectrograms of Mira (Me) variables and 
of normal red giants has established several regu- 
larities in the complex behavior of their absorption 
spectra: ' 

(1) Temperature types of M stars later than about 
MS can be improved by comparing relative 
strengths of their molecular bands (7zO and VO) 
rather than absolute intensities. The reason is that 
even the vibrational levels of TiO are far enough 
apart to have appreciably different populations at 
temperatures of 3000 K and lower. x 

(2) Consistent differences in the ratios of the 
bands of YO, ScO, and A/O appear to reflect real 
differences in the abundances of these metals in 
certain Mira variables. Strengthening of YO and 
ScO indicates a tendency towards spectral type S; 
in such stars A/O is often weak. 

(3) A striking characteristic of the spectra of 
many Mira variables is the weakness of many ab- 
sorption lines in comparison to their strength in 
nonvariable stars of type M. The weakening is most 
noticeable in the range of types MOe to MS5e, while 
many of the coolest Mira variables (R Leo) can 
scarcely be distinguished from ordinary giants. The 
line weakening is most pronounced in the blue and 
visual regions, and tends to disappear in the ultra- 
violet below 3900 A. In any one variable the weak- 
ening can vary greatly from one cycle to another. 
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The lines least weakening arise from: (a) Ions ¢ 
elements with ionization potentials less than abou} 
6 ev (Bat, Srit). (b) Low levels of neutral atom} 
(Fe, 71, Co) that have higher ionization potentials, 

The differential behavior of these lines suggest 
that the Mira variables have atmospheres in whic} 
both pressure and temperature are lower than ii 
normal giants of the same spectral type. They diffe} 
from supergiants, however, in having weaker line} 
(higher opacity) and in the absence of pronounce¢ 
turbulent broadening of lines. 


The work of one of us (P.C.K.) on the projec| 


j 


| 


National Science Foundation. 


Coma Formation and an Artificial Comet Ex: 
periment. BerTRAM Donn, Astrophysics Branch) 
Goddard Space Flight Center, National Aeronautic: 
and Space Administration.—Inherent difficulties 0} 
observing comets have left such fundamenta 
properties as nuclear structure, composition, anc 
activation uncertain. Facilities for space research 
suggest additional ways for studying comets 
Whipple’s model can be simulated by putting 
several hundred pounds of an appropriate ice 
mixture into a terrestrial orbit. 

Calculations of coma development and luminosity 
indicate the feasibility of an artificial-comet experi. 
ment. The analysis also applies to comet flares. For 
a 1-m sphere, density 1 g/cm’, weight 1300 Ib 
comparison with Halley’s comet, which may under 
estimate luminosities, leads to the following: 4.8 
mag. at 10 000 km; 7.4 mag. at 36 000 km. 

If the thermodynamic properties of the nucleus 
are similar to ammonia and only solar thermal radi 
ation acts, the coma forms in a few hours and in 
about a 1° diameter. The duration is 11 days for ¢ 
2.5-mag. decrease; 13.5 days for 4 mag. 

A suggested nonreactive composition consists 0} 
ammonia (NH3), cyanogen (CN), and methy 
acetylene, C3H,. The inclusion of micron-sized non: 
volatile grains would be desirable. q 

In this experiment, dimensions, structure, con’ 
position, and external environment would be known 
The correlation of predicted and observed behavior: 
plus comparison with actual comet phenomens 
would test the validity of the model and provide 
information for extending or revising it. Atomic an¢ 
spectroscopic data with solar excitation would als 
be obtained. If a suitable orbit can be attained, tai 
phenomena may also be studied. 

Observations would mainly be by: conventiona 
methods and cooperation of astronomers, fo 
complete observational coverage will be necessary 
Space-borne radiation and particle detectors appea: 
possible. 

A modified experiment employing chemica 
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‘leases from rockets can be used for the inter- 
-etation and identification of comet spectra. 


|Star Catalogues on Punched Cards. JULENA S. 
‘)uNCOMBE and Dorrit Horriert, U. S. Naval 
bservatory and Maria Mitchell Observatory.—Y ale 
‘niversity Observatory and the U. S. Naval Ob- 
‘irvatory have cooperated in key punching and 
cerifying 41 star catalogues. These catalogues 
iclude the AGKy, catalogues, +90° to —2°5; the 
lale catalogues, +90° to +85°, +60° to +50°, 
od +30° to —30°; the Cape Zone catalogues, 
»-30° to —64°; and the Catalogue of 5268 Standard 
tars 1950.0 based on the system N30 (Astron. 
lapers Am. Ephemerts 13, Part III). 

- In punching these catalogues 122 major errors 
ere detected. Also numerous other discrepancies 
ere noted. It is planned to assemble in a single 
st the catalogue errors detected here as well as 
frors from all other sources and to publish this 
st in the Astronomical Journal. 


Crab Nebula Occultation Measurements and the 
‘tructure of the Solar Corona. WitLiAm C. 
RICKSON, Convair Scientific Research Laboratory.— 
‘he Crab nebula was observed during occultation 
ly the solar corona in June, 1960, with fan-beam 
erials operating at 26.3 Mc. These observations 
-adicate an absence of refraction of decameter radio 
yaves in the outer corona, and an increase in the 
‘pparent angular size of the source at closest 
pproach to the sun. In addition, they definitely 
Bate a strong decrease in the integrated flux 
(uring the occultation. This confirms the observa- 
ions of S. Gorgolewski and A. Hewish (Observatory 
10, 99, 1960). 
| A model of the corona consisting of radially 
ligned, filamentary structures similar to that 
»roposed by J. A. Hégbom (Monthly Notices Roy. 
Astron. Soc. 120, 530, 1960) is assumed. The aniso- 
‘ropic scattering caused by such structures may 
xplain decreases in the integrated flux. The 1960 
»bservations as well as those of previous years are 
aterpreted with respect to such a model. 
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Can the Jupiter Emission be Cyclotron Radi- 
ition? GreorGE B. FIELD, Princeton University Ob- 
ervatory.—Recent observations of the polarization, 
)pectrum, angular extent, and time variation of the 
‘ovian decimeter emission are compared with a 
heoretical model based on cyclotron radiation by 
1onrelativistic electrons trapped in a dipole field. 
Che polarization, spectrum, and angular extent can 
ye fitted by a model which has an equatorial field 
strength of 0.6 gauss and a polar field strength of 
1.6 X105-gauss. 

On the other hand, the observed slow decay of the 
‘mission during 1959 appears to be inconsistent 
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with the model. One finds that the decay due to 
radiation loss alone would have only one-hundredth 
of the observed duration if we suppose an instan- 
taneous electron injection. On the other hand, con- 
tinuous electron injection would result in a much 
steeper spectrum than is observed. We conclude 
that at least our simple model based on cyclotron 
emission is inconsistent with observation. 

Synchrotron radiation by relativistic electrons 
appears to provide a better model. Qualitatively 
one can explain the polarization, spectrum, and 
angular extent of the emission, while now the decay 
period is longer owing to the much smaller field 
strengths required. Thus, a model with electrons of 
5 to 10 Mey trapped in a field of 2 gauss provides 
roughly the observed spectrum and decay period, 
assuming the electrons were instantaneously in- 
jected sometime prior to April, 1959. The polar field 
is now only about 100 gauss.- 


Luminosity Distribution of the Spiral Galaxy 
NGC 5055. Rospert A. Fis, Yerkes and McDonald 
Observatories—The luminosity distribution of NGC 
5055 was studied with photographic photometry on 
the UBV system. On comparison of the luminosity 
distribution with the mass distribution found 
previously (Burbidge, E. M., Burbidge, G. R., 
and Prendergast, K. H. Astrophys. J. 131, 282, 
1960), the mass-to-light ratios in each color are 
observed to rise at first, then decrease steadily on 
proceeding outwards from the nucleus. The over-all 
photographic M/L ratio for the galaxy out to 150” 
is 5.46. 

Three different indices of asymmetry are con- 
structed from the photometric information. They 
reveal that the light distribution within 50” of the 
nucleus is inherently asymmetric, but that beyond 
50’ the three-dimensional light distribution is 
nearly axially symmetrical. 

Due to scattering and absorption of light the 
observed isophotes deviate widely from ellipses. If 
the albedo of the obscuring material is low, the 
intrinsic M/L ratios must vary only slowly from 
50” outwards; if it is high the measured change of 
M/L by a factor of 5 between 50” and 150’ 
represents very nearly the intrinsic change. The 
null effect of scattering on the average luminosity 
of NGC 5055 results from the inclination angle of 
the galaxy. 

If high scattering efficiency is a universal property 
of the obscuring matter in spiral galaxies, then very 
little light is degraded into the infrared, and photons 
entering the scattering layer are simply redirected 
toward normal emergence. Because of this redirec- 
tion a face-on spiral must appear brighter and bluer 
than it would if no obscuring matter were present. 
The magnitude of this effect is evaluated by means 
of Holmberg’s photometry (Lund Medd. Ser. II, 
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No. 136, 1958); it is about 0.42™ in total photo- 
graphic brightness and 0.04™ in color. The redirec- 
tion of photons should be most prominent in the 
dusty regions of the face-on galaxy, creating an 
anomalous relative brightness and blueness of the 
spiral arms. 


Nucleosynthesis during the Early History of the 
Solar System. Wirr1am A. FOWLER, JESSE L. 
GREENSTEIN, and Frep Hoyte, California Institute 
of Technology, Pasadena, California.—Abundances 
in terrestrial and meteoritic matter indicate that 
the synthesis of D?, Li®, Li’, Be’, B, and B™, and 
probably C!* and N* occurred during an inter- 
mediate stage in the early history of the solar 
system. In this intermediate stage, the planetary 
material had become largely separated from the 
hydrogen which was the main constituent of 
primitive solar material. Appropriate physical con- 
ditions were satisfied by solid planetesimals with 
dimensions from 1 to 50 m consisting of silicates 
and oxides of the metals embedded in an icy matrix. 
The synthesis occurred through spallation and 
neutron reactions simultaneously induced in the 
outer layers of the planetesimals by the bombard- 
ment of high-energy charged particles accelerated 
in magnetic flares at the surface of the condensing 
sun. Recent studies of the abundance of lithium in 
young, T Tauri stars serve as the primary astro- 
nomical evidence for this point of view. The ob- 
served abundances of lithium and beryllium in the 
surface of the sun are discussed. The isotope ratios 
D/H =1.5K10-*.  Ea®/ i =0.08, “and Bia 
=().23 are the basic data leading to the requirement 
that 10% of terrestrial-meteoritic material was 
irradiated with a thermal neutron flux of 107 n/cm?- 
sec for an interval of 10'4 sec. The importance of 
the (7,2) reactions on Li® and B" is indicated by 
the relatively low abundances of these two nuclei. 
It is shown that the neutron flux was sufficient to 
produce the radioactive Pd!” and J'!* necessary to 
account for the radiogenic Ag!” and Xe!”° anomalies 
recently observed in meteorites. It is not necessary 
to postulate a short time interval between the last 
event of galactic nucleosynthesis and the formation 
of large, solid bodies in the solar nebula. 


An Eclipsing “Astronaut.” SERGEI GAPOSCHKIN, 
Harvard College Observatory.—The star of position, 
M22 75*, +-37°28' (1855) 27) tor 1 eioatG= 
+36°56’ (1950) was discovered by Humason and 
Zwicky as an interesting blue star. It was found a 
no less interesting object with variable radial 
velocities by Greenstein, and it is now established 
as a spectroscopic binary and an eclipsing system 
of exceptional character. 

On the basis of 24 spectrograms taken with the 
Hale telescope (200 inch), offered to me by Green- 
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stein and measured by myself, I found the followin} 
spectroscopic elements: P=345281, e=0.00?, A 
=140 km/sec, K2=180? km/sec, y= —20 km/sel, 
SP, = Bo, SP2=By?, (di+@2) sint=15.75 X10°® kn} 
(m+mz) sin’s=12.100. i) 

On the basis of 327 photographic estimatior| 
made on the plates of the Harvard Patrol collectio} 
the photometric hee curve and the Seg 


oy es ra | 

Combining the. photometric and the spectre| 
scopic elements, and assuming that there is ni} 
interstellar absorption, I find the following basi 
data on both stars (solar units for R and 91): 


Ri=6.18, 9, =7.04, Moy=—2"39, T=17 900°, 
R,=4.44, M,=5.48, Mv.=—2.31, T=?. | 

Another well-established method leads to th 
similar results: 9%; = 8.1, R,=7.0. 

The apparent visual meg aiunden is assumed to be 
12™92. The modulus is then 15.97. The distance o 
the star 15 630 parsecs. 

How could the star hurtle itself that distance up. 
It would not have had time for this, for it shoulc 
have left the center of the galaxy some billions o 
years ago, while the star’s life itself could not hay 
been longer than one hundredth part of this spat 
of time. 


Atomic Transition Probability Calculations. R. H 
GARSTANG, National Bureau of Standards, Wash 
ington, D. C. (on leave from University of Londoi 
Observatory).—As. part of a program to fill some o 
the gaps in our knowledge of forbidden-line transi 
tion probabilities, calculations have been performes 
on [ Fert]. Theoretical formulas, including spin-orbi 
interaction and configuration interaction, have bee! 
fitted to the observed spectroscopic energy levels 
and estimates of the relevant quantum-mechanica 
parameters obtained. These have been used t 
compute magnetic dipole transition probabilities 
and similar calculations for electric quadrupol 
probabilities are approaching completion. Th 
agreement between theoretical relative intensitie 
and rough estimated intensities in 7 Carinae i 
excellent. 

Some results have also been obtained for electri 
dipole transitions of the type p?—ps in carbon 
silicon, germanium, tin, and lead. The main poin 
of interest is the calculation of the transition prob 
abilities for certain intercombination lines and 
where possible, comparison with experimenta 
determinations. For carbon and silicon excellen 
agreement is obtained. 
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| A Computer Program for Nongray Stellar At- 
-nospheres. OWEN GINGERICH, Smithsonian Astro- 
_ »hysical Observatory.—A versatile computer program 
or nongray stellar atmospheres in the FO to K2 
range has been developed for use with the IBM 7090 
‘it Smithsonian Astrophysical Observatory. The 
program constructs a model atmosphere based on 
in arbitrary temperature distribution, calculates a 
series of fluxes and intensities (using either the 
Eddington approximation or the exact integrals), 
‘ind corrects the temperature distribution according 
to one of three procedures. The opacity may be 
gray, or derived from the a(H), a(H—) and 
Rayleigh scattering; furthermore, absorption lines 
can be simulated by a discontinuous opacity, which 
may be depth dependent. 
| Two different formulations of the condition of 
radiative equilibrium can be exploited to correct 
the temperature distribution: the flux (determined 
by the phi operator) must be constant at each depth, 
or the derivative of the flux (determined by the 
lambda operator) must vanish so that the absorp- 
tion balances the emission at each depth. The latter 
formulation is especially applicable near the surface 
‘of a star where the first criterion is insufficient to 
determine the run of temperature. 
| A powerful initial correction to the temperature 
distribution is accomplished with the Poincaré- 
Lighthill-Krook perturbation method, which com- 
bines both criteria, varying not only the tem- 
/perature but also the optical depth (the inde- 
pendent variable). The Stromgren-Swihart method, 
based on the phi operation, can then be used to 
achieve a flux constant to better than 3%, and a 
final correction of the temperatures near the surface 
is possible by a modified lambda operation method. 
The monochromatic fluxes depend critically on 
_the temperature distribution throughout the atmos- 
phere, and by the use of the three methods suc- 
_cessively a close approximation can be obtained. 
) _This work has been supported in part by the 
National Science Foundation. 


_ Remarks on the Dynamical Stability of Galaxy 
Clusters. EUGENE A. GopFREDSEN, Harvard College 
| Observatory—Masses of galaxies determined by 
applying the virial theorem to galaxy clusters are 
“systematically higher than those obtained by using 
the rotational velocity profiles of individual gal- 
-axies. This result has been interpreted by some 
writers as evidence that clusters of galaxies are not 
dynamically stable. There are, however, several 
factors which could cause the masses derived from 
the virial theorem. to be too high. The following 
effects, if operative, all tend to give spuriously high 
masses. 
(1) The mass-average of the square of the 
velocities relative to the center of mass gives the 
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average kinetic energy of the cluster. If there is an 
tendency towards equipartition of energy, the mass- 
average will be smaller than the ordinary average. 

(2) Foreground and background field galaxies 
often cannot be distinguished from cluster members. 
Although this effect may contribute substantially 
to the kinetic energy for clusters with only a few 
members, it is negligible for large clusters. What 
appear to be single large clusters may, however, 
because of the large range of absolute magnitudes, 
be superpositions of two or more clusters. This 
would likewise cause the kinetic energy of the 
cluster to be overestimated. 

(3) Observational errors in the radial-velocity 
measurements are often appreciable. These errors 
all cause the measured value of the sum of the 
squares of the velocities to be higher than the true 
value. This effect is most pronounced for small 
clusters. 

Some of the effects mentioned above are not 
present in the case of the Local Group. The rota- 
tional velocity of the Milky Way plays an important 
role because it is comparable to the radial velocities 
of the other members of the group. Within the 
probable errors of the available data, detailed cal- 
culations show that the Local Group is dynamically 
stable if the rotational velocity of the Milky Way 
at the sun is about 260 km/sec. 


Spectral Indices of 60 Discrete Sources. S. J. 
GOLDSTEIN, JR., Harvard College Observatory. F lux 
densities of 60 discrete sources were measured with 
a 60-ft reflector and maser radiometer at 1422.4 Mc 
at Harvard Observatory. The sources have galactic 
latitudes numerically greater than 10 deg, and were 
selected from the 85.5-Mc survey by Mills, Slee, 
and Hill and from the 159-Mc Third Cambridge 
Survey of Edge et al. The observations consisted of 
at least two scans in right ascension and two scans 
in declination across each source; thus the position 
at 1422.4 Mc could be compared to that reported 
at lower frequency. In only three cases was the 
difference in positions greater than 7 minutes of 
arc. Calibration was obtained from observations of 
Cas A and the adoption of Findlay’s flux density. 

Spectral indices obtained for these sources have 
a narrower range than has been previously reported 
and seem independent of flux density. An explana- 
tion is given for the apparent correlation between 
flux density and spectral index found by other 
observers. The sources that are identified with 
galaxies in the Shapley-Ames catalogue have indices 
confined to the central part of the spectral index 
distribution, while those identified with more 
distant anonymous galaxies have a wider distri- 
bution of indices. This result is in conflict with 
recent findings of Heeschen. The sources listed as 
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definitely extended by Mills, Slee, and Hill also 
have indices near the center of the distribution. 

If sources have a constant index with respect to 
frequency and if either the present observations or 
those at 960 Mc by Harris and Roberts are sub- 
stantially correct, then the Third Cambridge flux 
densities are consistently low or the Mills-Slee-Hill 
flux densities are consistantly high. This applies even 
to sources whose angular sizes, measured by Moffet 
at 960 Mc suggest that an error due to angular size 
was not made in the observations at 159 Mc. The 
research program at Harvard is sponsored by the 
National Science Foundation. 


A Low-Background Image Tube for Direct 
Electronography. W. A. HILTNER and W. F. 
Nrikuias, Yerkes Observatory, University of Chicago, 
and the Rauland Corporation.—The use of image 
tubes for direct electronography at Yerkes Obser- 
vatory has been frustrated because of intense 
background resulting from field emission. However, 
during the past six months, a decrease in background 
of 107 has been achieved. This large factor has 
resulted in a tube that has a background 3X10? 
less than the sky background at the focus of the f/20 
40-inch refractor. Furthermore, no ion spot has 
been detected. The lifetime of the photocathode 
appears to be unlimited. No change in sensitivity 
was detected over a period of one month even 
though the tube was cycled (emulsions inserted and 
removed) over 200 times, The resolution is 40 line 
pairs per mm, 


The Distribution of Stars in Dwarf Elliptical 
Galaxies. Paut W. Hopcr, Mount Wilson and 
Palomar Observatories —Star counts and _ photo- 
electric and photographic surface photometry have 
been used to determine the luminosity and stellar 
distributions across the faces of some local-group 
dwarf elliptical galaxies. Of the extreme dwarfs, the 
Fornax galaxy is the most favorable object for 
study because of its richness and size. The dis- 
tribution of projected density with radius is, for 
Fornax, decidedly unlike the distribution of lumi- 
nosity with radius for giant elliptical galaxies. It 
approximately follows Hubble’s interpolation for- 
mula out to a distance of only 1 a (Hubble’s nota- 
tion for the characteristic radius), beyond which 
the density falls off much more rapidly, reaching a 
rather definite zero value at a distance along the 
major axis of approximately 56 minutes of arc, 
which is 3.3 kpc at the assumed distance of 190 kpc. 
This is in reasonable agreement with the predicted 
value of the gravitationally limited radius imposed 
on the Fornax dwarf by the mass of the Galaxy. 

Similar results are obtained for the other dwarf 
elliptical galaxies, Sculptor, Leo II, NGC 147, and 
NGC 185. 
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University of Kansas and University of Chicago—\ 
The solution has been obtained for the problem cj” 
diffuse reflection by a semi-infinite atmospher} 
which scatters light in accordance with the phas} 
function 


p (cosé) =w+w1P1(cosé) +w2P2(cosé), 


where wo, wi, w2 are constants and P;, Pe ar| 
Legendre polynomials. The albedo, wo, can be les} 


than or equal to unity. The solution was obtained, 
by the pee of-invariance method. ike 


A Modification of von Zeipel’s Method for 2 
Choice of Canonical Variables Especially Suitable) 
for Orbits with Small Eccentricities, GEN-ICHIRO} 
Hort, Yale University Observatory.—A set of canon-| 
ical variables, in which a pair of the conjugate 
variables is [2(L—G) ]*(cosl, sinl), is adopted in} 
order to avoid the divisor e when the odd powers of} 
e are contained in the Hamiltonian. A modification! 


1 


of von Zeipel’s method is discussed so as to be} 
applicable, yet preserve its main advantages. They 
theory is applied to the second 


“operation’”’ of} 
Delaunay’s lunar theory. 
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Departures from Thermodynamic Equilibrium in | 
Chromospheric Mg1, Cat, and Or. Lewis L. HOUSE | 
and R. Grant Atuay, High Altitude Observatory, | 
Boulder, Colorado.—Line intensities from the chro-| 
mospheric flash spectrum observed at the 1952 
total eclipse clearly indicate marked departures 
from LTE in Mgt and O1. The same is suggested for 
Cat, but not unambiguously. The following remarks. 
relate only to Mgt. 

The stronger triplets 15184 and \3838 are in- 
fluenced by self-absorption for heights below about 
2500 km. The forbidden line \4571 is observed, and — 
is shown to be free from self-absorption. Its inten- 
sity leads directly to the opacities in the \5184 and 
3838 triplets. At 500 km the radial opacities at line’ 
center are 751343 and 73333~7, establishing that 
the centers of these lines in the Fraunhofer spectrum 
are chromospheric in origin. 

The singlet line \5528 is observed to fall off much 
more rapidly with height than the triplets even in 
the absence of self-absorption. The singlet to triplet 
ratios give unambiguous evidence of departures 
from LTE. At 1000 km, the intensity of \4571 is 
enhanced relative to 45528 by factors of 20 to 200 
for assumed values of T, of 6000° and 10 000°, 
respectively. 

Solutions to the statistical equilibrium equations _ 
yield populations of energy levels in good agreement 
with the empirical values for opacities consistent 
with those in the chromosphere. The departures 
from LTE in 31S and 3’P are shown to be the same 


id essentially independent of height. Typical 
pmputed values are b3:5~25 at 6000° and ~200 
- 8000°. 

|The departures from LTE in the higher triplet 
vels are also relatively independent of height. 
‘ypical values are 64:5~1.4 at 6000° and ~3.3 at 
' 000°. For the upper level of \5528, 4'd, the de- 
arture from LTE depends strongly on height 
aereby accounting for the steep gradient in the 
5528 emission. 


The Measurement of Microwave Radiation from 
ae Planet Mercury. WILLIAM E. Howarp, III, 
iLAN H. BARRETT, and FRED T. Happock, The 
Ybservatory of The University of Michigan, Ann 
[rbor, Muichigan.—Forty-nine drift curves and 
ight on-off measurements on Mercury were 
ibtained during 1960-1961 near elongation with an 
\5-foot telescope at 3.75 cm (TWT radiometer) and 
(45 cm (maser radiometer). 

The mean antenna temperature of the 49 drift 

‘urves was 0.05+0.01 °K (before amplitude cor- 
ection for time constant) or five times the rms 
ioise level. The mean drift curve had a response 
vidth and a response delay in the peak which were 
n excellent agreement with the expected values. 
_ During these measurements Mercury was between 
19 and 28 deg from the sun. Since the undisturbed 
sun produces a flux density three million times that 
of Mercury, output variations might be caused by 
variations in either solar flux or side-lobe levels. 
Comparison of solar and Mercury records exclude 
leflections from solar bursts. Side-lobe variations 
are reduced because of the appreciable smearing 
of the lobe positions by the receiver bandwidth and 
the effect of averaging 49 drift curves at different 
angular distances from the sun. 

If we assume that only thermal radiation is 
present, the subsolar point temperature 7°, reduced 
to Mercury’s mean solar distance, is estimated from 
the equivalent blackbody temperature of about 
350 °K by multiplying it by (1) (r/ro)*, the reduc- 
tion to mean distance, and (2) a factor which 
depends on both the planetocentric angle between 
the sun and the earth and the temperature distri- 
bution on the sunlit planetary surface. Assuming 
that the latter varies as 7) cos‘#é, where @ is the 
angle of incidence of solar radiation on the surface 
and that the radiation from the dark hemisphere is 
negligible, then we derive 7)>=1050+350 °K. This 
assumes that the flux density of Cygnus A is 
162 X<10-*® mks units. If the sunlit surface tem- 
perature is uniform, then 7») should be reduced by 
about 30%. 

The subsolar point temperature of 1050+350 °K 
is to be compared with the value of 610 °K derived 
by Pettit and Nicholson from vacuum thermocouple 
observations in the infrared. 
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Study of Infrared Instrumentation for Thermal 
Photography of the Moon. Hector C. INGRAO, 
DonaLp H. MENZEL, and J. ANTHONY BURKE, 
Harvard College Observatory.—Successful thermal 
photography, for the primary purpose of tempera- 
ture measurement, depends on the value of the 
signal intensity at the ground, or in a balloon or 
space vehicle. Computations predict the image tem- 
perature, for an image-forming system with a single 
thermal detector having a sequential readin and 
readout. 

Thermal detectors and available single-quantum 
detectors with responses at wavelengths of approxi- 
mately 5. and longer are intercompared in terms 
of figures of merit. 

Infrared sensitive image-forming systems are 
surveyed and discussed for lunar thermal pho- 
tography. Lateral heat conduction in the target 
plate of a simultaneous readin image-forming 
system is analyzed to determine the size of the 
minimum resolvable element. On the basis of this 
analysis, we investigated the possible utility of new 
thermal detectors as target plates for image-forming 
systems of simultaneous readin. 

The potentialities of ferroelectric materials for a 
target plate (thin film) of an image-forming system 
depend on the change in dielectric constant as a 
function of temperature close to the Curie point. 
In particular, measurement of the dielectric 
constants of thin films of (S7-Ba)7703 will enable 
the determination of temperatures to 1077 °C. This 
corresponds to detecting an irradiance of approxi- 
mately 10" w per resolution element for a film 
100 uw thick. 

Nonlinear phosphors, especially zinc cadmium 
sulfide, are considered for thermal image conversion. 
This phosphor fluoresces in the yellow and has a 
brightness change of approximately 28% deg cen- 
tigrade for a given ultraviolet excitation, and 
phosphor temperature. 


Radio Observations of Solar Active Regions at 
cm-dm Wavelengths. T. KAkiNuMA, Radio As- 
tronomy Institute, Stanford University —Comparison 
has been made of the observations of the slowly 
varying component of solar radio emission made 
with high-resolution interferometers operating at 
wavelengths of 3.2, 7.5, 9.1, and 21 cm, and located 
at Nagoya, Stanford, and Sydney. The interferom- 
eters provided fan-shaped and pencil-shaped beams 
of about 2 to 3 minutes of arc. 

The slowly varying component is radiated from 
hot and dense regions situated above the sunspot 
regions. Ten strong isolated regions observed during 
1960 were selected for the present study. The area 
of the associated sunspot group varied from about 
500 to 2000 millionths of visible hemisphere. At 
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wavelengths of 3.2 and 9.1 cm, the radio source has 
a size of about 3 minutes of arc, while at 21 cm it 
has a size of about 4 minutes of arc. The average 
height above the photosphere is 19 000 km at 3.2 
cm and 27 000 km at 9.1 cm. Flux density of the 
source associated with a SUnSEO! area of 1000 
millionths is about 25 X10-"w m-?(cps)! at 9.1 cm 
and about 2010-2. w m-(cps) at 3.2 cm. For 
three sources the flux density was appreciably 
higher at 9.1 cm than at 3.2 cm. This cannot be 
explained by assuming greater optical depth for the 
extraordinary wave at 9.1 cm since the degree 
of polarization seems to be much smaller at 7.5 or 
9.1 cm than at 3.2 cm. It is suggested that the 
increased radiation near 9 cm arises from the 
resonance absorption at harmonics of gyrofre- 
quency. 


Polarization Measurements of Solar Emission at 
a Wavelength of 9.1 cm. T.KAKINUMA and G. 
SwaruP, Radio Astronomy Institute, Stanford Uni- 
versity.—A phase-switched interferometer has been 
used to measure the polarization of solar radio 
emission at a wavelength of 9.1 cm. The inter- 
ferometer provides resolution of about 1.5 minutes 
of arc and the resulting high-resolution observa- 
tions show that the north and south pole regions of 
a bipolar sunspot group give rise to right-handed 
and left-handed circular polarization, respectively. 
Contrary to the theory of Piddington, and support- 
ing eclipse observations made in Japan, the sense 
of polarization remains the same irrespective of the 
quadrant in which the north or south pole region 
is located. The results of a comparison made 
between the 9.1-cm polarization observations made 
at Stanford and 3.2-cm observations made at 
Nagoya are also described. 


The Structure and CO, Content of , Venus’ 
Atmosphere. Lewis D. Kaptan, The Rand Cor- 
poration and Department of Meteorology, Massa- 
chusetts Institute of Technology —The Venus spectra 
of Kuiper and that of Strong and Sinton have been 
reinterpreted with the aid of laboratory CO» absorp- 
tion measurements by Howard etal. and Kostkowski 
and the results of the Regulus occultation measure- 
ments. A self-consistent picture is obtained for the 
part of the Venus atmosphere above the “‘effective 
reflecting level” for near-infrared radiation. 

This effective reflecting level is at about 400 mb, 
and is most likely composed of sand or dust stirred 
up from the surface. The emission around 10 yu is 
from a thin cloud layer at 90450 mb, where the 
temperature is 230+5°K. It may be composed of 
ice crystals, and is presumably the visible cloud. 

The fraction by volume of CO, is 15.47%. 
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A Uniformly Valid Asymptotic Representation fe] 
All Times of the Motion of a Satellite in the Vicinit) 
of the Smaller Body in the Restricted Three-Bod| 
Problem. JrrArR K. KeEvorKIAN, Aero/Astrod) 
namics Section, Douglas Atrcraft Company.—Th}, 
analysis proceeds from the differential equatior|) 
governing the restricted three-body problem. Th), 
equations are given in nondimensional variable] 
and contain a small parameter equal to the ratio’ {| 
the masses of the planet and sun. 

Certain concepts originally developed in th) 
study of the asymptotic solutions of fluid-mecha | 
ical problems are introduced. In particular, ‘th 


differential equation and the corresponding exac}, 
solution is related to the limit process by which th) 
approximate differential equation was obtained} 
from the exact equation. 

It is shown that Hill’s equations can be derived, 
by such a limit process from the restricted three| 
body equations. When the motion is confined to q 
smaller neighborhood of the planet, an analogous 
limit process exists, and leads to a set of simple | 
equations for which the intermediate orbit i 
Keplerian in an inertially oriented frame. Thesd 
approximate differential equations are transformed) 
to an appropriate coordinate system containing} 
unknown uniform precessions for the node and line| 
of apsides. a” 

It is shown that by requiring the motion to be 
bounded for all time, one can uniquely define these| 
precessional rates and obtain a uniformly valid 
asymptotic solution for the motion. 

The results obtained for the precessions of the 
node and perigee agree exactly with those of the 
classical lunar theories (e.g., de Pontecoulant). | 

The solutions are only carried out for the case 
where the inclination of the satellite orbit with 
respect to the plane of the ecliptic is small. How- 
ever, the proposed method can readily be gener+ 
alized to the case of arbitrary inclination. ; 


A Method for Computing Monochromatic Fluxes 
in Model Stellar Atmospheres. S. S. Kumar, 
Smithsonian Astrophysical Observatory.—The usual 
numerical procedures for obtaining accurate mono- 
chromatic fluxes for a given model atmosphere are 
very lengthy. Here is presented an analytical 
method that is quick and that gives the following 
simple expression for the monochromatic flux for 
any frequency and at any optical depth: 


F, (ty) =i ai(v) Bi, (1) 


where ®, are the known ® operators of the simple 
functions like 7,”, E,(7,) and e~”’. By solving a 
set of algebraic equations, one obtains the a;’s. This 
set of algebraic equations is obtained by assuming 
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he analytical expression for the monochromatic 
source function. 

The method is very general and can simultane- 
ously handle both scattering and pure absorption. 
The method was applied to a model atmosphere for 
which accurate monochromatic fluxes had been 
computed by a conventional numerical procedure. 
_ For the monochromatic source function, we tried 
several analytical expressions, such as 

j 


S,=d0+017,+G2Fo(1,) +a3E3(7,). (2) 


i] 


We found that, with a suitable expression for the 
source function, one can obtain fluxes that are 
quite accurate. We tried terms like e~¢ and 7,” in 
the expression for the source function, and we 
_needed both ® and A operators of these functions 
in this method. Therefore, we prepared extensive 
tables for @ and A operators of e~’7 and 7”. These 
tables will also be of some use in deriving nongray 
temperature distribution by the analytical methods 
(such as Swihart method) in which we represent the 
approximate temperature distribution by an ana- 
lytical expression containing terms of the type e~” 
and 7”. 


Some Studies on the Occurrence of Type IV 
Solar Bursts of Continuum Radiation. M. R. 
Kunpovu, The University of Michigan.—It is shown 

that type IV emission in the range of frequencies 
25-580 Me occurs in two distinct phases: (a) the 
first phase, usually observed at frequencies higher 
than about 250 Mc, appears to be an extension of 
the associated centimeter-wave burst which is also 
a broad-band continuum emission. This emission 
occurs earlier than the associated type II burst and 
can even occur independent of any type II burst. 
The source of this emission is situated low in the 
chromosphere, has no significant movement and 
has a small angular size, usually less than 4’. The 
observed properties of this phase of continuum 
emission are consistent with the suggestion that it 
it is caused low in the chromosphere by synchrotron 
radiation of electrons generated during the flare. 
(b) The second phase, usually observed at fre- 
quencies lower than about 250 Mc, is closely asso- 
ciated with a type II burst preceding it. The source 
of this continuum emission is situated high in the 
corona and moves with velocities of more than 1000 
km/sec. It has a large angular size, usually 10’ or 
larger. This second phase of type IV emission was 
previously explained as due to synchrotron radia- 
tion of electrons higher in the corona, when a cloud 
of gas with a shock front (which excites the type II 
burst) moving at high velocities carries a frozen-in 
magnetic field to the appropriate heights in the 
corona. 


The Calculation of Velocity from an Ephemeris. 
E. R. LANCASTER, General Electric Company, Phila- 
delphia, Pennsylvania.—Explicit formulas are de- 
rived which give the velocity of a body in space in 
terms of its coordinates in an ephemeris. For 
position vectors in an ephemeris, the formulas are 
of order 31 —1, whereas the customary formulas are 
of order n—1. This additional increase in accuracy 
is achieved by including the equations of motion. 
Analytical error formulas are derived. The formulas 
make possible a great reduction in interval size of 
an ephemeris. 


On the Accuracy of Measurements Made upon 
Films Photographed by Baker-Nunn Satellite 
Tracking Cameras. KAaroL_y Lassovszky, Smuith- 
sonian Astrophysical Observatory.—The photographs 
taken by the Baker-Nunn cameras of the Smith- 
sonian Astrophysical Observatory were formerly 
measured with Van Biesbroeck goniometers, but 
are now measured exclusively with Mann two-screw 
comparators. Instead of measuring point images, 
we usually have to measure oblong images, either 
trails or breaks (the latter produced by interruption 
of the exposure). We can therefore expect that the 
accuracy of the determination of their positions is 
more influenced by the personal errors than it is in 
conventional astrometry. Approximately 800 meas- 
urements were made on 34 images of different 
length, and from these the frequency distribution 
of settings was determined. Then the relationship 
between this distribution and the length of the 
image (trail or break) was examined, and the rela- 
tionship between the “magnitude error’ and the 
length of image was determined. Measurements 
were made at different angles formed by the trails 
and the reticle lines, and it was found that the 
accuracy was not affected by the angle of the 
setting. Position determinations have been made 
using reference stars at different distances. On the 
basis of these results we can conclude that the 
accuracy is neither influenced by the distortion of 
the emulsion nor by the optical distortion within an 
area of a diameter of 5 cm (5°8). We believe that 
we are justified in using the linear plate-constant 
method, at least within this area. From numerous 
double and multiple measurements the following 
standard errors were determined for a_ single 
position : 

Bax 


Van Biesbroeck 4"0 
Mann 5 | 


A Remark on Observational Cosmology. Davin 
Layzer, Harvard College Observatory.—Consider a 
spherical galaxy cluster of radius y and mean density 
p distant R from the sun. If the cluster is in a steady 
state and v denotes the velocity of a galaxy relative 
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to the center of mass of the cluster, then according 
to the virial theorem 


(u?) = (4/5) K’Gopr’, (1) 


where K’~1. If V denotes the recession velocity of 
the cluster and / the mean density of matter in the 
universe, then according to relativistic cosmology 
in its simplest form 


V2= (82/3) GpR°. (2) 


It is well known that the values of p and p deduced 
from distance and velocity measurements by means 
of these two equations are both higher by factors 
of 10 to 100 than the corresponding densities as 
determined from galaxy counts and the currently 
accepted values of galaxy masses. 

Dividing (1) by (2), we obtain the relation 


(2)/V?=0.1KA (p/a), (3) 


where 4 is the area of the sky occupied by the 
cluster (measured in square radians) and K =1. 
Equation (3) has the important property that it 
connects quantities whose values are not influenced 
by intergalactic absorption, uncertainties in the 
luminosity function for galaxies, or the mass ratio 
of galactic to intergalactic matter—provided only 
that field galaxies and cluster galaxies have the 
same statistical properties and that the ratio p/p 
is derived from galaxy counts in the neighborhood 
of the cluster. This relation therefore constitutes a 
sensitive test of the triple hypothesis that (a) rela- 
tivistic cosmology is valid, (b) the virial theorem 
is applicable to galaxy clusters, and (c) field 
galaxies and cluster galaxies have the same statis- 
tical properties. 

A preliminary study based on published data 
tends to support the relation (3). A rigorous obser- 
vational test appears to lie well within the scope of 
existing equipment and techniques. Such a test 
would throw considerable light on currently out- 
standing problems in observational cosmology. 


The Temperature of Venus. A. E. LILLey, 
Harvard College Observatory —A question of funda- 
mental importance for the planning of spacecraft 
reconnaissance, and a question which has been the 
center of debate since 1956, is the surface tem- 
perature of the planet Venus. In 1956, the first 
radio observations of Venus were made by C. H. 
Mayer and his associates at the Naval Research 
Laboratory. The early radio observations revealed 
that the equivalent blackbody temperature, meas- 
ured by the radio technique, was more than double 
the infrared value. Since the first measurements by 
Mayer, a number of other observations have been 
made at wavelengths of 8 mm and 10 cm. The 
following spectrum has emerged: At infrared wave- 
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lengths, the temperature is approximately 285°;| 
at 8 mm, it is in excess of 400°K; and at 3 and 10} 
cm, the temperature _is approx 600°K. } 
Limited evidence suggests that the radio tem-| 
peratures are weakly dependent upon the phage) 
angle of the planet. 
The fact that the temperatures at 3 and 10 cm} 
are both approximately 600°K provides evidence} 
for a thermal mechanism. The equivalence of these} 
two temperatures has been interpreted as evidence] 
that the 3- and 10-cm wavelength observations} 
pertain to the true surface of the planet Venus and | 
that 600°K is representative of the actual surface 
temperature. To test the 600°K surface temperature | 
hypothesis it is inmperative that observations be} 
carried out at longer wavelengths. However, meas- | 
urements become rapidly more difficult with in+| 
creasing wavelength because of the small angular | 
size of the planet Venus. Due to the effects of. 
beamwidth alone, the measurement of Venusian | 
antenna temperatures at 21 cm is approximately 50. 
times more difficult (less intense) than similar. 
observations at a wavelength of 3 cm. | 
During the inferior conjunction of the planet 
Venus during April 1961, a number of observations | 
were made using the Harvard 60-ft antenna and 
the three-level solid-state maser. The sensitivity of 
the Harvard’ maser and its stable performance 
permitted a positive detection of the continuum 
radiation of the planet Venus at a wavelength of 
21 cm. A peak antenna temperature of approxi- 
mately 0.1°K was observed. With the absolute flux 
measurement of the radio source Cassiopeia A at 
21 cm contributed by J. W. Findlay at the National 
Radio Astronomy Observatory, the temperature 
averaged over the disk of the planet Venus could 
be ascribed directly, without recourse to the effective 
cross section of the Harvard antenna. 2 
The new observations at 21 cm of the planet 
Venus more than double the previous long-wave- 
length limit of observations. The temperature 
found, approximately 600°K, offers substantial new” 
evidence for the thermal origin of the centimeter 
wavelength radiation originating at the planet 
Venus. The Harvard radio astronomy program is 
supported by the National Science Foundation. ‘ 
By 

The Central Component of Centaurus A. A. G. 
LitTLeE and R. N. BRAcEWELL, Radio Astronomy 
Institute, Stanford University—The radio source 
associated with NGC 5128 has an extended com- 
ponent about 8X4 deg and a central component 
less than 6 minutes across. The central source has 
been described as equivalent, at 3-m wavelength, 
to an elliptical distribution 6X3 minutes, whose 
major axis lies along the dark obscuring belt. Ob- 
servations with a 2.3-minute fan beam at 9.1 cm 
show that there is a gap in the radio emission at 


| 
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the center of the optical object. The radio emission 
of the central component comes from two distinct 
sources, each much more compact than the equi- 
valent elliptical source. Arguments leading to the 
conclusion that the two sources are volumes of 
relativistic electrons being fed out into the extended 
source will be presented. 


Fifty Carbon Stars in a Region in Cygnus. 
MartTINn F. McCartny S.J., Specola Vaticana, Castel 
Gandolfo (Rome) Italy—Observations made with 
the Burrell-Schmidt of the Warner and Swasey 
Observatory using the 2° and 4° objective prisms 
and infrared-sensitive plates exposed on an area 
in Cygnus at a=21"04™ and 6=+46°3 (1955) 
Ebest 50 carbon stars in a circular area 27 square 
degrees in area. No attempt to classify the carbon 
stars into types N and R was made. Direct plates 
exposed on the same area allowed a determination 
of the apparent infrared magnitudes of these stars 
and an initial survey of the two known and seven 
suspected carbon star variables in the region. 

A plot of the distribution in apparent infrared 
magnitude of the 50 stars shows the following 
features: (1) a large (72%) percentage of the carbon 
stars observed lies in the magnitude interval 1170 
to 12"8 and (2) the groupings at 7"7 and 1270 
indicate a possible discontinuity between 870 and 
9™0. The reality of the grouping at faint magnitudes 
seems certain but the sampling of the brighter stars 
does not seem sufficient to justify any conclusion 
about interarm discontinuities or to allow any 
detailed spiral arm tracing. 

A comparison of this region with others along the 
galactic plane where infrared surveys have been 
carried out to the same apparent magnitude shows 
that this region, which was chosen without special 
regard for freedom from absorption, contains more 
carbon stars per square degree except for the clear 
_— LF2 investigated in the infrared by Wester- 
‘und. at 


An Attempt to Simulate Supernova Spectra. 
Dean B. McLAucuiin, University of Michigan. — 
The construction of synthetic supernova spectra by 
C. Payne-Gaposchkin and F. L. Whipple (Proc. 
Nail. Acad. Sci. U. S. 26, 264, 1940) required 
assumed abundances and involved laborious com- 
putation. An alternative procedure is artificial 
blurring of existing emission spectra. 

Spectrograms of the Wolf-Rayet stars HD 192103 
(WC7) and 192163 (WN6) were photographically 
converted to supernovalike spectra. Positive en- 
largements were placed in an enlarger and focused 
sharply on the copying easel. A convex lens was 
inserted in the light beam a few inches above the 
easel. During exposure the lens scanned along the 
spectrum and introduced blurring equivalent to an 
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expansion velocity of 6000 km/sec. Doppler 
broadening in the prismatic spectrum was simulated 
by moving the lens on an inclined track to vary its 
distance from the plate. The resulting blurred 
negatives were traced with a microphotometer. 

Both Wolf-Rayet stars gave results that incom- 
pletely matched certain supernova features, but 
class WC7 showed large discrepancies in the red to 
green region. A composite of the two spectra gave 
a little improvement. Class WN6 showed encour- 
aging resemblance to the spectrum of the supernova 
in 1C 4182 at 24 daysafter maximum (Minkowski, R., 
Astrophys. J. 89, 156, 1939). Changes necessary to 
produce better agreement are definitely toward 
lower excitation than that of WN6. The match 
would be greatly improved by weakening of Heil 
and Niv, strengthening of Het and Nu, and intro- 
duction of Fem. Further experiments are con- 
templated. 

Photographic work and eee of the spectra 
were done by David F. Gray and Lloyd Wackerling, 
respectively. 


Meteor Magnitude Distributions. PETER M. 
MiiimMan, National Research Council, Oiiawa 2, 
Ontario, and MrrtaM S. BuRLAND, Dominion Ob- 
servatory, Ottawa 3, Ontario—The visual meteor 
observations of the International Geophysical Year 
program give a total of over 120 000 meteors. These 
records are being analyzed, using IBM punched- 
card procedures. Magnitude distributions are being 
studied by methods similar to those reported by 
Millman and Burland at the 96th Meeting of the 
A.A.S. in 1956 (J. Roy. Astron. Soc. Canada 51, 
113, 1957). In the previous paper it was found that 
the ratio of the numbers of meteors in adjacent 
whole magnitude classes was in the neighborhood 
of 3.5 for the Canadian visual observations, made 
in the period 1933-1956. 

The IGY-—IGC visual meteor program includes 
the records of over 10000 different meteors ob- 
served at the Springhill Meteor Observatory, 1957-— 
1960. A preliminary analysis of this material indi- 
cates that several factors have a marked influence 
on the magnitude ratio found. Most important 
among these are the total number of meteors 
included, the sky luminosity and weather factor, 
and the mean elevation of the meteors above the 
horizon. Individual values of the magnitude ratio 
determined from various groupings of the obser- 
vations ranged from 2 to 4 with an over-all mean 
value of 2.7. 

The best value for observations made near the 
zenith under perfect weather conditions with a dark 
sky is 3.0. This agrees with the general mean deter- 
mined by Opik (Mem. Soc. Roy. Sci. Liége Ser. 4, 
15, 125, 1955; Contrib. Armagh Obs. No. 26, 1958) 
from 20000 meteors observed on the Arizona ex- 
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pedition 1932-1933, but is a little lower than the 
magnitude ratio found by Hawkins and Upton 
(Astrophys. J. 128, 727, 1958) from super-Schmidt 
photographic observations. The magnitude ratio 
probably should not be assumed as constant over a 
large magnitude range. 


Early Results of the 1961 JPL Venus Radar 
Experiment. DUANE O. MUHLEMAN, California In- 
stitute of Technology, Jet Propulsion Laboratory.— 
A strong radar contact with Venus was made 
during the 1961 Venus conjunction utilizing the 
Goldstone, California, radar facilities of the Jet 
Propulsion Laboratory. Observations were made 
nearly daily from March 10 through May 10. A 
12.5-cm CW signal was transmitted with an 85-ft 
parabolic antenna, and the returned signal was 
received with a second 85-ft antenna. The trans- 
mitted frequency stability was held to within 1 cps 
for the signal-delay time. This reference signal was 
used to synchronously detect the returned signal 
and to determine the Doppler shift with an accuracy 
of 1 cps which corresponds to 0.07 m/sec. The 
transmitter was also keyed off and on for purposes 
of making unambiguous range measurements 
(time-of-flight measurements). Preliminary results 
of an astronomical unit determination yield a value 
approximately 60000 km larger than the value 
determined by Rabe (1960). The accuracy of the 
data suggests the possible improvement of the 
Venus ephemeris. 

Analysis of the returned signal indicates a reflec- 
tivity relative to a perfectly conducting sphere of 
about 10% at this wavelength as compared with 
the lunar reflectivity of about 2%. Doppler spread- 
ing of the returned signal due to the rotation of 
Venus strongly indicates synchronous rotation of 
the planet. The spectrum of the Doppler-spread 
signal is very similar in shape to.the spectrum 
computed from a lunar-reflected signal at the same 
wavelength indicating similar backscattering char- 
acteristics. The analysis of the change in spectral 
width as a function of time for purposes of deter- 
mining the Venus rotation axis orientation-has not 
been completed as yet. 


A Determination of the Atmospheric Oblateness 
from the Motion of Two Low Satellites. R. C. 
NicAM, Smithsonian Astrophysical Observatory, 
Cambridge, Massachusetts——An appropriate theory 
has been developed to derive the effect of the 
atmospheric oblateness on the acceleration 7%, 
defined as the rate of change of mean motion n. By 
mean motion is meant the number of revolutions 
made by the satellite in one day from one perigee 
to another. This effect is a periodic one, as one 
would expect, with half the period of the argument 
of perigee. For small values of eccentricity (e<0.2), 
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it is expressed by 
3a = —e)k(q) =| 
# 2H (aru)? 


Bh aeved (76! 
1+ 2e+ -e?-—-——— 
2 8a 
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where k(r) =4(CpA/m)p(r), u=ae/H, His the scail 
height, f the atmospheric oblateness, g the ged) 
centric perigee distance, etc. { 

In order to get reliable values for the atmospheri} 
oblateness, one needs a few low satellites in pol 
orbit having a lifetime in which the perigee ha} 
made several revolutions of the earth. Further, jj 
the satellites are not spherical, reliable informatio} 
about the mode of tumbling should also be availabl\ 
from some independent source. 

As none of the above-mentioned characteristic} 
could be met in the satellites available for thi] 


theoretical expression for the effect of atmospheriq 
oblateness on the accelerations, and to derive the 
value for the atmospheric oblateness. 

The atmospheric oblateness at the altitudes si 
176 and 186 km, which are the mean altitudes off 
the perigee points of the satellites 1958 ¢ and 1958 % 
respectively, are obtained as 1/284 and 1/238, re- 
spectively. The value of the atmospheric oblateness 
computed theoretically assuming the solid-body 
rotation of the atmosphere for an altitude of 176 km 
is 1/291. 

The quantitative results on the atmospheric olf 
lateness are, therefore, far from being exact. These, 
on taking into consideration the uncertainty inher- 
ent in the two determinations, are, however, in 
conformity with the theoretical atmospheric models 
near 200 km, as given by T. E. Sterne (Astron. J. 
63, 81, 1958) and F. S. Johnson (J. Geophys. Re- 
search 65, 2227, 1960). The results therefore appear 
to suggest that the atmospheric oblateness increases 
with altitude. An exact determination of the atmos- 
pheric oblateness must however await more ex- 
tensive data. 


The Cometary Theory of Tektite Origin. Joun A. 
O’Keere, Theoretical Division, Goddard Stace Flight 
Center, National Aeronautics and Space Adminis- 
tration.—H. C. Urey has proposed a hypothesis that 
tektites are produced by the outrush of heated gases 
compressed ahead of a comet. This theory is 
intended to explain the similarity of tektites to 
terrestrial materials without invoking the presence 
of large craters. 

The recent discovery by Chao of nickel-iron 


: pherules in tektites indicates that if produced by 
‘omets the comets must have been similar to 
' neteorites. It is further shown by reference to the 
"reat comet of 1882 that comets must possess a con- 
jiderable amount of mass per unit area and either a 
_lensity like that of water or a nonzero tensile 
strength. It is further shown that even the impact 
-»f a comet less dense than the great comet must 
veut in the formation of a crater. 

_ Hence, the effects of cometary impact appear to 
de indistinguishable from those of a meteoritic 


ia 
_ The Passage of a Flare Spray through the Solar 


‘Emission Corona. FRANK Q. OrRALL and HENRY 
J. Smiru, Sacramento Peak Observatory, Geophysics 
Research Directorate—On March 7, 1959 a flare 
‘spray of importance class 2 occurred at the east 
limb of the sun. Monochromatic observations of 
the event were obtained at Sacramento Peak at 
Hea(\6563 Ht) through a birefringent filter of $-A 
bandpass with the flare camera, and at the green 
coronal line (A5303 [ Fexiv }) with a coronagraph 
of 6-inch aperture and a birefringent filter of 2-A 
bandpass (Evans, J. W., Publs. Astron. Soc. Pacific 
69, 421, 1957). The passage of the spray through 
the green corona could be followed in the light of 
its continuous emission at \5303. 

The flare occurred near the base of a pre-existing 
coronal arch. The spray was observed to follow a 
curved path, beimg constrained to move along this 
arch, until it reached the vertex. The coronal arch 
was still visible, apparently without change, after 
the event. The brightest part of the spray had a 
velocity of about 250 km/sec. A disturbance visible 
in \5303 of [Fexiv ] that looked like a hemispherical 
shell moved in front of the spray with roughly the 
velocity of the spray. 

Radio spectra obtained by Dr. Alan Maxwell 
and his colleagues at Fort Davis show several groups 
of type III bursts, a faint slow burst with some 
characteristics of a type II burst, and a ‘‘U burst.”’ 
The first type III burst occurs at UT 1723.6 
beginning a 100 Me. At this time, the hemispherical 
disturbance visible in 45303 had reached a height 
of about 10° km, where the plasma frequency is 
roughly 100 Mc computed by the Baumbach-Allen 
formula. The velocities implied by U bursts and 
other type III bursts are, of course, much too high 
to be directly associated with any optical event 
described here, but we suggest that one of the outer 
soncentric coronal arches was the path taken by 
the disturbance causing the U burst. 


Variable Stars in the Small Magellanic Cloud. 
CECILIA PAYNE-GAPOSCHKIN, Harvard College Ob- 
servatory.—In a recent paper (Astron. J. 65, 404, 
1960) Arp has suggested that a number of Cepheid 


AUB Sy Reals 


293 


variables in the Small Magellanic Cloud show 
changes of period. An examination of the Harvard 
data for these stars does not reveal any appreciable 
changes of period. If there are changes of period, 
the material is not refined enough to reveal them. 

The relation between period and amplitude 
derived by Arp is confirmed and amplified, and the 
difference between this relation and the one shown 
by well-observed galactic Cepheids is emphasized. 


Free Hydrogen in the Pegasus I Cluster of 
Galaxies. A. A. PENzIAS, Columbia University— 
Twenty-one-cm hydrogen-line observations were 
made on the Pegasus I cluster of galaxies in order 
to determine the free-hydrogen content. This cluster 
was selected for study because it was expected to 
yield the highest antenna temperature of the well- 
known clusters. The work was done with the 85-ft 
steerable paraboloid of the Radio Astronomy 
Branch of the Naval Research Laboratory. A 
modified Dicke-type radiometer with a tunable 
maser preamplifier was employed. Two sets of 
observations were made within the range of velocity 
distribution of the cluster, consisting of some eight 
drift scans per set. They were made at 1402.4 and 
1403.4 Mc with one-megacycle bandwidths. An 
average antenna temperature of 0.3 degrees Kelvin 
was observed with an estimated signal-to-noise 
ratio of 5:1. From this result, a mass of 3X10! Wo 
was calculated for the free hydrogen present. 

This observed free hydrogen accounts for less 
than one-tenth of the total mass of the cluster as 
calculated with the use of the virial theorem. 
Furthermore, because of the considerable number 
of spiral galaxies in the cluster, the galactic hydro- 
gen in the cluster could account for all the hydrogen 
observed, or at least a considerable part of it. 
Therefore, it is possible only to put an upper limit 
on the density of intergalactic free hydrogen in this 
cluster. 

This work was supported in part jointly by the 
U. S. Army Signal Corps, the Office of Naval 
Research, and the Air Force Office of Scientific 
Research. 


Asymptotically Singular Differential Correction 
Matrices. SAMUEL PINES, Republic Aviation Cor- 
poration.—This paper contains the results of a 
study to determine the maximum time arc that can 
be spanned in a differential correction program as 
limited by the choice of the orbit parameters used 
in reducing the observation residuals. The paper 
proves that the differential correction matrices used 
in conventional iteration techniques become asymp- 
totically singular in time in the event that more 
than one parameter affecting the energy of the orbit 
is used as a correction variable. 

The key result is that the loss of numerical 
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accuracy is proportional to s=(2r—1) logio(é), 
where 7 is the number of variables affecting the 
energy of the orbit. 


Balmer Line Emission from a Shell. Stuart R. 
Pottascu, Princeton University Observatory.—We 
have attempted to determine the Balmer line ratio 
Ha:HB from a consideration of the equations of 
statistical equilibrium for a shell of hydrogen gas at 
a constant electron and temperature. This present 
work differs from that of Menzel and associates in 
the three following respects: 

(1) A wide range of electron densities is con- 
sidered, from 107 cm to 10" cm (although this 
value is kept constant in a given atmosphere). This 
requires that collisional transitions between levels 
be included. 

(2) Radiation in the Balmer and Paschen con- 
tinua impinging on the atmospheres is included, 
although the atmospheres are always assumed thin 
enough so that these radiations remain roughly 
constant through an atmosphere. 

(3) The atmospheres-considered have varying 
opacities to Ha radiation (from completely thin to 
completely thick) and so it is necessary to consider 
the transfer of the Balmer line radiation. Since we 
assume a four-level atom plus continuum, it is 
necessary to solve simultaneously the transfer 
equations for Ha and Hg. The principal effort of 
this work is so directed. 


21-cm Maser Observations of Galaxies. Morton 
S. Roperts, Harvard College Observatory, Cambridge, 
Massachusetts —A three-level solid-state maser, 
designed for operation in the vicinity of 1420 Mc, 
and located at the focus of the George R. Agassiz 
60-foot radio telescope was employed for these 
observations. The estimated system noise is 100°K. 
For comparable bandwidth and time constant this 
system is thus significantly more sensitive than the 
conventional radiometers now in use. A Dicke 
mode of operation was employed; comparison was 
with a resistor immersed in liquid helium. All ob- 
servations were made with a multichannel recorder. 
Five of the six channels available employed 150 kc 
filters. 

Results for 5 Sc galaxies studied in the first phase 
of an over-all galaxy program are given below. An 
important datum resulting from such a study is the 
ratio g=M1/Mtotar. For small values of opacity 
(r<1) this ratio may be expressed in terms of 
radio and optically determined quantities by the 
following equation: 

log g=log A+0.4m,.—log f+C. 


Here A is the total hydrogen-line radiation (assum- 
ing no interaction with continuum), mpg is the 
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photographic magnitude corrected for obscuration} 
and tilt, f is the mass to luminosity ratio, and C is a| 
constant including atomic parameters, calibration 
values, etc. 

As a first step, we may avoid evaluating f and| 
only assume that it is constant for Sc-type galaxies. 
Ratios of g with respect to any particular galaxy 
may then be determined; NGC 2403 was chosen 
the reference. Values for g/go403 determined in this) 
manner are: NGC 628, 1.2; NGC 2403, 1.0; NGC) 
4244, 1.1. These values are very likely correct to 
within 20% if the assumptions made above are. 
valid. For a value of f=5, g is approximately 0.1 
for the above galaxies. 

The 21-cm velocity profile for IC 10 was ale 
obtained. This galaxy has a very low galactic 
latitude and is unusual in appearance. For these! 
reasons My, and f and therefore g are difficult to 
evaluate. NGC 2903 was detected as a continuum 
source only. If its mass to luminosity ratio is similar 
to that for the above galaxies then g2903/g2403 <0.3. 

This work was supported by the National Science 
Foundation. 


Observations of a Plane-Polarized Component 
in the Cosmic Background Radiation of 408 Mc. 
C. L. SEEGER and G. WESTERHOUT, Stanford Radio 
Astronomy Institute, and The Leiden Observatory and 
the Netherlands Foundation for Radio Astronomy.— 
Exploratory observations, using a 408-Mc phase- 
switch polarimeter installed in the Dwingeloo 25-m 
mirror, have detected a plane-polarized component 
in the general nonthermal background radiation. 
The observations cover sample regions above, in 
and below the galactic plane and along the spur at 
/11—=(0. Most observations were repeated on different 
nights and at different hour angles. Extensive 
measurements were made to determine and mini- 
mize spurious effects. The cross-polarized side lobes 
were mapped and cannot have influenced the 
results appreciably. An instrumental polarization 
of about 3°K was derived from all-night observa- 
tions of the north pole, and the observations were 
corrected for this effect. 

The observations suggest that either the inter- 
stellar magnetic field is constant in direction over 
large parts of the Galaxy, and the electron density 
near the plane rather less than expected, or that 
the observed polarized radiation originates rela- 
tively near the sun. The direction of the polarization 
is relatively constant along the spur. This direction 
is roughly orthogonal to the direction of the polar- 
ization along the galactic plane. Interpretation is 
difficult due to the lack of information on the 
electron component of the cosmic rays. But even 
now one can say that a general mapping program 
of the magnetic fields of the Galaxy is possible with 
present-day techniques. 
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This work was supported by grants from the 
Netherlands Foundation for Pure Research 
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On Gamma Rays from Intergalactic Space. S. P. 
SHEN (also at Physics Department, New York 
University) and S. N. Mirrorp, Physics Depart- 
ment, St. John’s University—Among the possible 
processes contributing to the gamma-ray back- 
ground flux above the earth’s atmosphere, two are 
singled out for consideration here: (1) collision of 
cosmic rays with intergalactic and _ interstellar 
matter yielding high-energy gamma rays; (2) decay 
of intergalactic and interstellar radionuclei (K“; 
7/8) yielding monoenergetic gamma rays below 
4 Mev. Considering process (1), the presently 
available observed upper limit for high-energy 
gamma-ray flux (510-* photon cm~ sec sr—) 
yields an upper limit of 10 particles cm~* sec} 
(order of magnitude) for the omnidirectional flux of 
intergalactic cosmic rays above 600 Mev, averaged 
over the visible universe and over the reciprocal of 
Hubble’s constant. Current and future gamma-ray 
observations, such as from the earth satellite 1961 »v, 
could lower both upper limits. Thus, if the gamma- 
ray upper limit becomes 51074 photon cm~? sec! 
sr', the cosmic-ray upper limit would become 1 
particle cm~ sec, etc. Directional observations 
could single out the interstellar contribution, which, 
combined with another method (Milford and Shen, 
Phys. Rev. 122, 1921, 1961), could in principle 
yield a rough integral energy spectrum for inter- 
stellar cosmic rays. The present method can also 
be reversed to give some information on the density 
of intergalactic matter, independently of its ioniza- 
tion state. Furthermore, 7 intergalactic nuclidic 
abundances are similar to the solar neighborhood 
values, process (2) would give a primary gamma-ray 
flux of order 10-7 photon cm~ sec™! sr, well below 
the present detection limit but usable, in principle, 
as a test for the presence or absence of significant 
amounts of heavy elements in intergalactic space. 
Finally, nearby large concentrations of diffuse 
matter (e.g., Orion complex, Magellanic Clouds, 
M31) should by these two processes alone give local 
enhancements of gamma-ray flux distinguishable 
from the surrounding background. 


Photographic History and Suggested Nature of 
the Radio Source 3C-48. HARLAN J. SMITH and 
Dorrit Horrreit, Yale University Observatory.— 
In what has been suggested as the first identification 
of a-star with a radio source, Mt. Wilson astron- 
omers noted (Sandage 1960, New York A.A.S. 
Meeting, December 31, unpublished; but see Sky 
and Tel. 21, 148, 1961) that the Cambridge object 
3C-48 seems to coincide with a peculiar 16th mag- 
nitude star. With kind permission of Harvard Ob- 
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servatory and extensive help from C. Brooks, E. 
Dirkswager, S. Gross, B. Marsden, and J. Rodman, 
we have examined the location of 3C-48 on all 
plates in the Harvard collection which contain the 
region. 

Of some 2500 plates, most penetrated below 11th 
magnitude, 600 reached 13th, less than 100 reached 
15th, and only 75 showed an image of the 3C-48 
object. Between 1895 and 1952, no year had fewer 
than nine plates, the average being around 40. A 
full nova or supernova explosion at any time in that 
interval could scarcely have escaped detection. 

Careful magnitude estimates on all the plates 
showing the image indicate no variation greater 
than +0.2 mag. since 1898. 

The plate material is ill-suited for proper motion 
work, but no conspicuous motion has appeared in 
first rough measurements. 

Despite the negative results reported above, the 
size and Doppler-broadening of a faint nebulous 
shell around the star suggest that 3C-48 is never- 
theless an exploded object. In fact, a consistent 
interpretation of the available data can be found 
with a picture in which 3C-48 is the remnant of a 
type I supernova similar to the Crab nebula, but 
intrinsically several times weaker, only ~ the age, 
and about six times farther away. 


Planetary Perturbations and the Perseid Meteor 
Stream. RicHarp B. SourHwortH, Harvard College 
Observatory.—It is well established that a meteor 
stream is composed of fragments of a comet; but 
it is far from being established whether . these 
meteors are shed over a long time or all at once, 
or whether they are ejected with large relative 
speeds or small. The icy comet model, and obser- 
vations of some showers (e.g., the Draconids) 
suggest that low ejection speeds are the rule. In any 
event, the meteors are subsequently perturbed by 
the planets. 

If one assumes that the comet ejected meteors 
slowly and that only gravitational forces affected 
them thereafter, then the distribution of meteors 
in the stream at the present time depends only on 
the comet orbit, the times of ejection, and the 
planetary perturbations. As the comet itself must 
have been perturbed, its past orbits are only 
approximately known, and its present orbit may 
diverge considerably from the meteors. Nonetheless 
there exists a probability distribution for the present 
distribution of meteors in the stream. From this dis- 
tribution (in the whole stream) one may then 
deduce the distribution in the sample which strikes 
the earth, 

Double-station photographic observations have 
reliably determined the distribution of those 
Perseids which strike the earth. The theoretical dis- 
tribution has now been computed as above; it is 
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irreconcilable with the observations. Hence some 
one of the assumptions (origin in a single comet, 
low ejection speed, only gravitational perturbations) 
must be false for Perseids. Moreover, the stream 
cannot be more than 6000 years old, and is probably 
much younger. 

The observed distribution of Perseids can be 
approximately reproduced on the hypothesis of an 
explosion. On this supposition, the meteors were 
ejected at a mean speed of 2.6 km/sec from a point 
in the comet orbit 75 deg in true anomaly before 
perihelion passage, 1.5 a.u. from the sun, and 1.3 a.u 
north of the ecliptic plane, about a thousand years 
ago. 

Experiments with High-Sensitivity Image Orthi- 
cons I. JOHN SPALDING, JOHN F. DuGAN and 
Curtis L. HEMENwAy, General Electric Company, 
Schenectady, New York, and Dudley Observatory.— 
We are continuing to explore the various charac- 
teristics of high-sensitivity image orthicons coupled 
to several different kinds of telescopes. 

Preliminary experiments with our system coupled 
to a 12-inch refractor indicate that useful studies 
concerning seeing can be made since the high sensi- 
tivity allows short exposures to be made and the 
electronic image processing permits exposures to be 
made in rapid sequence. The short-exposure tech- 
nique appears to be useful for photographs of 
planetary detail formerly available only to visual 
observers. 

The equipment was coupled to an 8-inch meridian 
circle, and transits were observed and recorded. 
These experiments suggest that the taking of 
meridian data could be fully automated with the 
aid of modern electronic data-processing techniques. 
Observer errors could be elimated by such tech- 
niques. The observer would also be freed from much 
dull repetitive work. 

Movies of typical exposures have been made. 


Stellar Spectrophotometry below 3000 Angstroms. 
THEODORE P. STECHER and J. E. MILLIGAN, Astro- 
physics Branch, Goddard Space Flight. Center, 
National Aeronautics and Space Administration.— 
Four objective grating spectrophotometers were 
flown in an Aerobee rocket from Wallops Island, 
Virginia at 0342 EST on November 22, 1960. They 
were mounted in such a fashion that the rotation 
of the rocket accomplished the spectral scanning of 
the stars. 

The flight occurred a few days after the Novem- 
ber solar event and encountered a bright uv aurora. 
This background radiation limited the number of 
stellar spectra to a fraction of what had been 
expected. 

Satisfactory spectra were obtained for 10 stars 
between 1600 and 4000 A. Among those observed 
were a Carinae FOIb, a Leonis B8V, e Canis 
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Majoris B2II, 8 Canis Majoris BilIlII, ¢ Orion) 
O9V, y Orionis B21V, and y Velorium WC7. O} 
these stars the mean error from photon statistic 
for the 50 A bandpass was less than 6%. | 

The observed energy distribution for a Carina] 
is in good agreement with that predicted bl 
Canavaggia and Pecker (Ann. d’ Astrophys. 16, i) i 
1953). For the stars of earlier spectral type theredl i) 
good agreement between theoretical models ani 
observation down to \2600. At this point the ob} 
servations depart slightly from theory. This. | 
probably caused by continuous absorption in thi 
stellar chromospheres from the 23S metastabl] 
level of Het. At 2400 a departure 1 in the observed) 
flux begins which results in an order of oo 
discrepancy between theory and observation all) 
2000. It appears that neither atomic absorption) 
in the a atmosplcte nor inte would Ti 


and HelH*, resulting froth interactions of ce 
and helium atoms and ions might be responsible foi 
the increased opacity. a 

The reduced stellar fluxes will considerabl i! 
change the ultraviolet interstellar radiation field} 
Attention is drawn to the effect of this change on} 
the discrepancy between the observed and predicted] 


i) 
interstellar calcium-sodium ratio. i} 
| 

| 


Radio Pictures of the Sun at a Wavelength of | 
9.1 cm. G. Swarup, Radio Astronomy Institute,} 
Stanford University —Daily spectroheliograms are} 
being obtained at Stanford at a wavelength of 9.1} 
cm using a high-resolution antenna which provides| 
pencil beams which' are only 1/100th of the size of. 
the solar disk. During the last two years observa-' 
tions have been made on more than 200 days and/| 
show that the quiet-sun component has shown a. 
steady decrease during the period. The brightness. 
temperature near the center of the disk was about. 
35 000°K during October 1959, 30 000°K during 
July 1960, and 23 000°K during February 1961. 
The quiet sun at 9.1 cm shows a marked deviation 
from circular symmetry, and shows the presence of | 
limb brightening only in the equatorial regions. 
Combining radio observations made at various 
centimeter wavelengths, it is shown that the elec-. 
tron density in the inner corona of the equatorial 
regions was about 1.4 times van de Hulst’s model 
for a typical solar maximum near 1958-59 and - 
decreased to values close to his model for sunspot 
minimum by 1961 February. 

Microwave spectroheliograms obtained during 
1960 are also used to estimate electron densities in 
the solar active regions which give rise to a slowly 
varying component of solar emission. For very 
active regions, associated with type E or F sunspot 
groups, the electron densities increase to more than 
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| 
| 
0 times the normal. As soon as the sunspots 
jlisappear the electron densities decrease to about 

wo or three times the normal and remain near the 
yalue for more than one solar rotation. 


| 
| 


_ Boundary Conditions for Stellar Interior Models. 
Tuomas L. Swinart, University of California, Los 
Alamos Scientific Laboratory.—In order to plot the 
_ position of a model star on the H-R diagram, the 
‘radius must be determined. Unfortunately, the 
radius is a rather sensitive function of the boundary 
conditions. This problem is sometimes met by 
adding a detailed atmosphere to the interior 
structure; however, it is often inconvenient to do 
this, and the question is whether accurate radii can 
‘be determined with rather course zoning in the 
outer envelope. 
~ Calculations show that the physical conditions 

at the top of the hydrogen convection zone are 
smooth functions of luminosity,.at least for main 
sequence stars in the range FO-KO. This allows 
‘both the convective and the radiative energy 
transport to be calculated for the outer half of the 
last zone, and the sum of these is radiated from the 
boundary. This procedure appears to give quite 
reliable radii. 


The Region of NGC 121 in the Small Magellanic 
Cloud. WiLitAM G. Tirrt, A. J. Dyer Observatory, 
Vanderbilt University—A two-color (B,V) photo- 
metric investigation of about 1000 stars in the field 
of NGC 121 in the Small Magellanic Cloud is 
reported, based upon observations obtained at 
Mount Stromlo. Measures to V=21 have been 
made with photoelectric calibration to V=20. The 
C-M diagram is considered in five parts. (1) A 
foreground contribution of 47 Tuc. (2) A bright 
red-giant region similar to that found in galactic 
globular clusters. Very few stars extend redder than 
B—V=-+1.6. The stars all lie appreciably fainter 
at a given color than the red stars in the clusters 
investigated by Arp. The giant region contains no 
discontinuities. (3) A very distinct horizontal 
branch with which the cluster-type variables in 
the field are unquestionably associated. The branch 
is strongly red-concentrated with only a very weak 
and uncertain blue component much fainter. The 
variables lie between V=19.4 and 19.6 at about 
B—V=+0.25. (4) A faint red-giant region which 
agrees well with the strong red-giant component in 
the solar neighborhood according to the C-M 
diagram constructed by O. C. Wilson using Call 
emission intensities. (5) A faint component which 
appears to be the general evolution product of faint 
main-sequence stars. Virtually nothing is present 
much younger than the stars in NGC 752 which 
matches the faint component quite well. There is 
some evidence for stars of M67-age or older. The 
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general conclusions of the study may be summarized 
as follows: (1) All the significant features of the 
observations are interpretable in terms of known 
galactic stellar components although there are 
some important deviations in detail. (2) It is highly 
unlikely that the SMC modulus is less than 19.0, 
and 19.2+3 is suggested. (3) It is quite possible 
that the SMC contains some stars as old as the 
oldest known in the galaxy. 


Observed and Computed White-Dwarf Energy 
Curves. Ropert G. TuLt and WILLIAM LILLER, 
Observatory of the University of Michigan, and 
Harvard College Observatory.—In the summer of 
1956 scans were made of the spectra of two white 
dwarfs, 40 Eridani B and BD+28°4211, with a 
photoelectric spectrophotometer at the Newtonian 
focus of the 100-inch Hooker reflector. In an effort 
to derive the conditions in the atmospheres of these 
two stars, we calculated a total of 90 model atmos- 
pheres with surface temperatures ranging from 
11 000° to 35 000°K, with compositions varying 
from pure hydrogen to pure helium, and with 
surface gravities of 107 and 108 cgs. The calcula- 
tions, which will be described in detail, were carried 
out with digital computers. As will be shown, for 
each star there is a family of atmospheres with 
associated emergent fluxes which closely match the 
observed energy curves. 


Radio Sources and Clusters of Galaxies. SIDNEY 
VAN DEN BERGH, David Dunlap Observatory.—The 
positions of 282 radio sources in the 3C catalogue 
with |b'| > 25° have been compared with the posi- 
tions of rich clusters of galaxies in Abell’s catalogue. 
Twenty-seven coincidences between clusters and 
radio sources were noted. The expected number of 
chance coincidences was found to be only nine. 
This confirms a similar result which has recently 
been obtained by Mills. The reality of the asso- 
ciation between clusters and radio sources is 
supported by the observation that the mean radio 
brightness of sources in nearby clusters is signifi- 
cantly higher than that of radio sources associated 
with distant clusters. 

The frequency with which radio sources occur in 
clusters of different richness does not appear to be 
consistent with the assumption that a significant 
fraction of all strong radio sources are due to col- 
lisions of galaxies. It is, therefore, tentatively 
concluded that close binary systems consisting of 
two luminous elliptical galaxies, with associated 
radio emission, are probably not colliding galaxies. 
Probably such objects should be regarded as stable 
binary systems. This conclusion is supported by the 
observation that NGC 6166=3C338 is a triple or 
possibly even a quadruple system. At best a col- 
lision between two galaxies is a rare event; a 


298 


threefold or fourfold collision must have a negli- 
gible probability. 


An Investigation of Possible Variations in the 
Brightness Temperature of the Moon at 21 cm. 
Joun A. Waax (introduced by E. F. McCain), 
Radio Astronomy Branch, U. S. Naval Research 
Laboratory.—Radiometric observations of the moon 
at a frequency of 1440 Mc (A20.8 cm) were made 
on 47 days over a period of slightly more than three 
lunations during the early part of 1960. For this 
purpose a conventional total-power radiometer 
installed in the 84-ft antenna at NRL’s Maryland 
Point Observatory was used. A bandwidth of 5 Mc 
was used with a 30 Mc i.f.; the noise figure of the 
receiver was 7.5 db, and the integration time was 
3.5 sec. The measured half-power beamwidth was 
36’ and the antenna efficiency at 21 cm was found 
to be 46%. Calibration was with reference to an 
argon noise tube. Polarization was in the north- 
south direction. 

For each day of observations, a minimum of 
three drift curves was averaged, and an effective 
equivalent blackbody temperature assuming a 
uniform disk was determined. When plotted against 
phase angle, these blackbody temperatures appeared 
to show a sinusoidal variation with time. A sine 
curve having the period of the synodic month 
(29.53 days) was therefore fitted to the data by the 
method of least squares, and gave a mean tem- 
perature of about 205°K with a variable component 
of about +2.5%. Preliminary analysis of similar 
data taken at 2930 Mc (A10.2 cm) taken by the 
author during the winter of 1958-59 also indicated 
a sinusoidal variation of approximately the same 
magnitude. 


The Computed Solar Continuum in the Ultra- 
violet. KENNETH G. WipING, U.S. Naval Research 
Laboratory, Washington 25, D. C—An attempt was 
made to compute the solar energy curve between 
Lyman-alpha and 2700 A to compare with the 
observations of Detwiler, Purcell, and Tousey. 

The intensity in the broad wings of Lyman-alpha 
was used to derive a partial model of the low 
chromosphere. It was assumed that the wings are 
formed in completely noncoherent scattering, the 
corresponding source function being B,(7.) Xb2/bi, 
where 6:/b; measures the departure from local 
thermal equilibrium. In the region where the wings 
are formed b2/b;=1 (Pottasch and Thomas, A stro- 
phys. J. 132, 195). The resulting distribution of 
electron temperature vs log neutral hydrogen 
density resembles the model given by van de Hulst 
[The Sun, edited by G. Kuiper (University of 
Chicago Press, Chicago, 1953) ]. 

For a model of the transition region the data from 
the Lyman-alpha wing was joined to Minnaert’s 
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empirical model of the deeper layers with a mini| 
mum temperature at the limb of 4700°K. The con 
tinuous absorption coefficient was estimated fron] 
the graphs of Bohm-Vitense (Z. Astrophys. 34, 209)| 
For conditions at the solar limb the- main contri3 
bution comes from the ionization of the metals. Te 
this was added the opacity due to Lyman-alpha} 
which is natural damping in the chromosphere and 
Stark broadening in the deeper layers (Menzel and} 
Doherty, Liége Symp., 1960). The metal opacity is} 
more important than Lyman-alpha except with 
approximately 100A of the line center where} 
natural damping dominates. LR 

The resulting Computed energy curve is ‘dnl 
approximate agreement with the observed. The} 
position of the observed energy curve longward of 
2000 A is uncertain due to suppression of the con-} 
tinuum by Fraunhofer lines. 


The Gray Planetary Atmosphere. RuPERT WILDT, | 
Yale University Observatory.—The problem of strict} 
radiative equilibrium in a gray planetary atmos-| 
phere of infinite depth was formulated by Milne} 
(1922) as an inhomogeneous integral equation. Its 
solution (Hopf 1934) can be expressed in terms of | 
Chandrasekhar’s H function and an integral over’ 
Hopf’s g function. The temperature distribution, as - 
function of the optical depth below the surface, has. 
been evaluated numerically for several values of 
the angle of incidence of the insolating flux. Hopf’s | 
analytical solution also holds, after application of | 
certain scale factors, for the temperature distri-_ 
bution in an atmosphere whose gray absorption 
coefficient for the incident solar radiation differs 
from that for the (infrared) planetary radiation, 
the ratio of the two coefficients being constant 
throughout the atmosphere. Even this generaliza- 
tion affords but a poor model of the familiar 
planetary atmospheres in their present state. 
Nevertheless, it deserves to be known more widely; 
for it is, to date, the only problem in planetary 
radiative equilibrium that has been solved rigor- 
ously. 


A Search for Micrometeorites in the Earth’s 
Atmosphere. F. W. Wricut, P. W. Hopcr, and 
E. L. FIREMAN, Smithsonian Astrophysical Odser- 
vatory.—The atmosphere of the earth is continually 
being penetrated by particulate matter of the 
interplanetary medium, as well as by large mete- 
oroids. Theoretical studies by Whipple have shown 
that particles with sizes of the order of a few 
microns have small enough cross sections, but large 
enough masses to enter the atmosphere and lose 
their cosmic velocity without a great loss of 
material. Satellite micrometeorite detectors have 
shown that a high concentration of dust is present 
near the earth. In order to collect and analyze these 
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jarticles of interplanetary material, we have taken 
idvantage of the braking quality of the earth’s 
itmosphere and have collected particles there. This 
nethod is more practical than any method of col- 
Jecting particles in space, where the high velocities 
»f particles normally cause them to be destroyed 
yn impact with any collecting device. 
Using high-altitude jet aircraft, we have obtained 
“some 50 samples of high-altitude dust. Each sample 
>onsists of the dust filtered from a volume of usually 
-ibout 10 cubic meters. Collections were made at 
various altitudes, ranging from 30 000 to 90 000 ft. 
The computed space densities of particles varies 
greatly, even at the same altitude and latitude. We 
calculate an average space density, for particles 
greater than 3 in mean dimension, of approxi- 
mately 250 particles per cubic meter for the altitude 
range 40000 to 50000 ft. This value increases 
greatly for lower altitudes, and appears to decrease 
slowly for higher altitudes. We obtain a value of 
150 for the mean space density in the range 60 000 
to 90 000 ft. The bulk of these particles are found 
to be transparent or semitransparent, with only 
about 1% resembling meteoritic material in ap- 
pearance. These few particles lead to an upper 
limit for the influx rate of meteoritic material of 
less than 10° tons per day. A few particles have 
been analyzed chemically. 


The Diurnal Atmospheric Bulge and Its Effect 
on Satellite Motions. SranLey P. Wyatt, Univer- 
sity of Illinois Observatory.—Several authors have 
derived expressions for the secular acceleration of a 
satellite moving through the high atmosphere and 
(giving away momentum to the air. The simplest 
assumptions one can make are that the atmosphere 
is spherically symmetric, stationary, and of constant 
scale height. The resulting drag formula then permits 
one to use the observed accelerations to deduce the 
product of air density times the square root of 
scale height at the perigee level of the satellite. 
Analyses by a number of authors have revealed 
primary facts concerning the structure of the outer 
atmosphere. First, the scale height of the atmos- 
phere increases with height above ground through- 
out all strata traveled by satellites. Second, on the 
daytime hemisphere the atmospheric density cor- 
relates strikingly with solar activity. Third, at 
heights of 500 km and more the atmosphere bulges 
conspicuously toward the sun. In October of 1958, 
when Vanguard I was passing through perigee at 
local time 13 or 14 hr the air density at 650 km 
was some 10 times greater than from-mid-1959 to 
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mid-1960 when its perigee passage occurred during 
the nighttime hours. At any geographic position 
this variation amounts to a diurnal rise and fall of 
the high atmosphere, with maximum expansion 
occurring an hour or two after noon. 

Jacchia has used the accelerations of four satel- 
lites to construct a model of the atmosphere in the 
200-600 km range, incorporating all three of these 
effects (Jacchia, L. G., Smithsonian Astrophys. Obs. 
Spec. Rept. No. 39, 1960). Because the atmosphere 
has neither spherical symmetry nor an exponential 
decrease of density, the present work is addressed 
to the derivation of a new and more complex drag 
formula relating perigee density and scale height 
to the observed acceleration of a satellite moving 
through a Jacchia-type atmosphere. The essential 
results are twofold. First, use of the earlier and 
simpler drag equation may yield atmospheric 
densities that are systematically incorrect by as 
much as 50 or 60%, the sign and amount of the 
error depending on the orbital elements and the 
orientation of the orbit relative to the bulge on any 
given date. Second, and provisionally, the new 
formula indicates that the diurnal bulge is even 
sharper than previously thought. 

This work was partly done at the Smithsonian 
Astrophysical Observatory. 


Stellar Kinematics and Spiral Arms. ANDREW T. 
YounG, Harvard College Observatory.—Monte Carlo 
calculations of the velocity distribution of young 
stars in the solar neighborhood have been made on 
the IBM 7090 computer of the Smithsonian Astro- 
physical Observatory, assuming that: (1) stars are 
formed only in spiral arms; (2) the velocity dis- 
tribution of newly formed stars is isotropic and 
Gaussian in form, and its centroid coincides with 
the motion of the gas (which differs from the 
gravitational circular velocity) ; (3) the arm shares 
the physical motion of the gas. 

It is found that if the gas velocity is that recently 
found by Kerr (an outward streaming of about 7 
km/sec relative to the standard solar motion), and 
if the tilt in the arms is small (as indicated by the 
21-cm observations), then the observed velocity 
distribution for relatively young stars can be com- 
pletely accounted for. In particular, the vertex 
deviation and anomalous axial ratios of the velocity 
ellipsoid are quantitatively explained. Further- 
more, the motion of the sun relative to the local 
circular velocity turns out to lie much closer to 
Vyssotsky’s “basic solar motion’’ than to the 
“standard solar motion”’ of 20 km/sec. 
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Draco, a dwarf galaxy similar to the Sculptor system, has over 
260 variables. The 138 variables in the center of the cluster were 
measured, Of these all but five proved to be RR Lyrae type. Seven 
are Bailey’s type c, the others are type a. The mean period of 
all the type a variables is 09613, Two-thirds of the variables have 
good light curves and the rest show differing amounts of amplitude 
variation. In the two years observed only two showed actual 
changes of period. Of the five variables that are not of the RR 
Lyrae type, four have periods between 0.9 and 1.6 days. They are 
over one magnitude brighter than the RR Lyrae variables whereas 
variables with corresponding periods in globular clusters are only 
about 0™7 brighter. No red irregular or long-period variables were 
found in Draco. 


1. INTRODUCTION 


HE first dwarf galaxies, Sculptor and Fornax, were 
found in 1938 by Harlow Shapley (1938). A. G. 
Wilson (1955) found more of these systems when he 


Prate I. Variables in Draco system. Portion of 48-inch 
square area covered by 200-inch plate, little circles location of variables. 
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The magnitude of the mean intensity in B of the RR Ly 
stars is 20™48. This gives a distance of 99 kiloparsecs an 
diameter of 1380 parsecs for Draco, if an absolute magnitude of 
0™5 is assumed for the RR Lyrae variables. ’ 

The color-magnitude diagram is similar to globular clu 
diagrams, showing that it is an old system of population IT. 
horizontal branch has few stars on the blue side of the Hertzsprung 4} 
gap and‘a strong red branch. The giant branch at B—V=1™4 is — 
3™0 brighter than the horizontal branch, which indicates that the 
stars of the Draco system are like the halo globular clusters whia 
are most metal poor. There are some details in the color-magnitud 
and luminosity function diagrams that seem to differentiate it 
from a typical globular cluster. 


examined the 48-inch Schmidt Sky Survey plates. 
sequence is formed by the dwarf systems NGC 205, 185, i 
147, Fornax, Leo I, Sculptor, Draco, Leo II, and the 
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q Prate II. Standard stars and secondary sequences. 200-inch plate 103a-O. 
) y seq 


luminosity. Walter Baade intended to. examine several 
of these systems and had taken series of plates with the 
200-inch to do so. They are Draco, Leo I and II and 
Ursa Minor and NGC 185. At the present time the only 
stem extensively examined is Draco, at R.A. 17519™24s, 
Dec. +57°58'06” (1950), and it is reported upon in this 
paper. Unfortunately Baade died before the paper was 
written and hence it cannot be the same as if he had 
written it himself. It will now be mostly an observational 
paper. Before definite conclusions can be drawn, the 
other systems should also be studied to find out what 

tails have significant bearing on the sequence of 

stems and their similarities to, and differences from, 
lobular clusters and elliptical galaxies. 


ae 


2. DISCOVERY OF VARIABLES 


4 

-Baade took 116 plates 1 in 1953 and 1954, especially to 
poy the variables in Draco. ape. the 200-inch tele- 
1 


scope he took night runs nearly every night for a week 
or 10 days each month through the observing season of 
about three or four months. Not all of the plates were 
measured ; often only every other or every third plate of 
a night’s run was used; also, the plates with short ex- 
posures were not measured. From an intercomparison 
of 16 pairs of plates, Baade found 201 variables; later 
one variable now labeled V 203 was found when stars 
were measured for the color-magnitude diagram. Baade 
also took some 200-inch plates, offset from the center 
of the system, which he blinked to determine the extent 
of the Draco system. All the variables found have been 
marked by small circles on an enlargement of a portion 
of a 48-inch Schmidt plate (Plate I). The large circle, 
which has a diameter of 48 minutes of arc, is the ap- 
proximate extent of the Draco system, and the square 
is the central area covered by the 200-inch plates. A 
total of 261 variables are marked. To test for the com- 
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Taste I. Plates measured for obtaining standard magnitudes. 


Table I Draco M13 
Col. Plate No. Exposure __— Plate, Filter Plate No. 
2,4 PH-735-B 20min 103a0GG1 
767 20 103aO GG 1 
779 20 103aO0 GG 1 
934 30 103aO0 GG 1 

5,6 PH-934B 30min 103a0 GG1 PH- 933-B 
955 30 103aO0 GG 1 953 
1421 20 103aO GG 13 1422 
1482 20 103aO0 GG 13 1481 


pleteness of discovery of variables of the RR Lyrae type 
in the central area within a radius of 6’ 18’’, van Gent’s 
equation was used (van Gent 1933). It was found that 
135 variables should be expected and 134 were found. 
This completeness is partly verified, because Miss Swope 
blinked three pairs of plates and rediscovered 104 vari- 
ables but found no new ones. These pairs and redis- 
coveries are not used in computing the completeness 
factor mentioned above. 


3. PRIMARY MAGNITUDE STANDARDS 


The variable stars in Draco were measured in 1955 on 
the Eichner iris-diaphragm photometer. At that time 
there were no suitable magnitudes available, so a 
“standard scale reading,” Table II column 2, was 
adopted for the sequence stars and each plate was 
reduced by this scale. The scale was based on the 
photometer measures of four “standard” plates (Table 
I). Each plate was reduced to PH-779-B and means were 
taken. Later, when magnitudes were obtained, the scale 
readings were easily transformed to magnitudes. 

In 1956 Baade took transfer plates of Draco and the 
region of the M13 sequence. The pairs of plates of Draco 
and M13 were taken successively on a good night and 
developed together. The sets of plates were measured in 
the photometer, first the M13 plate, then the Draco, 
and again the M13 plate. Where needed, a correction 
for extinction was added. The photometer readings were 
reduced to magnitudes by using the transferred mag- 
nitudes from the sequence in M13 based on the revised 
photoelectric magnitudes by Baum, Hiltner, Johnson, 
and Sandage (1959). By this time there were also direct 
photoelectric measures in Draco itself generously con- 
tributed by Arp, Baum, and Sandage (four stars each). 

Table I lists the plates used in deriving the sequences 
both by transfer from M13 and by the direct photoelec- 
tric standards in Draco. Two filters were used for the 
photographic plates, GG 1 and GG 13. Most of the 
plates measured for variables were taken with the GG 1 
filter. This filter allows more of the ultraviolet light to 
pass than the GG 13 filter which gives values on the 
U,B,V system, and hence the blue stars measured with 
the GG 1 filter will be too blue. As there were no very 
blue stars among the standard stars, no differences were 
detected between the two sets of plates. The differences 
are also minimized when using the 200-inch plates taken 
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with the Ross corrector lens which already has cut ou} 
some of the ultraviolet light. Hence straight means «| 
the two series of plates were taken for the sequence} 
stars. In Table I, the first column refers to the column | 
of Table II pertinent to the plates listed. 

Table II shows the derivation of the photographi| 
sequence that was used for variable stars. The firs} 
column gives the designation shown also on Plate II 
the second column, the ‘“‘standard scale reading”; thy 
third column, the B photoelectric values of 1958. Thi 
small letters after the magnitudes indicate the observer: 
two of the stars were measured by two observers 
Column 4 gives the magnitudes derived from plate: 
used for the “standard scale reading,” by reducing thei 
photometer_readings ‘with the reduction curves cali- 
brated from the Draco photoelectric magnitudes. The 
magnitudes in column 5 are from the four plates o! 
Draco used to transfer the M13 sequence to Dracc 
by photographic methods. They were reduced to mag 
nitudes by the M13, 1959 photoelectric sequence. Ir 
column 6 the magnitudes are based on the same plate: 
used for column 5, but the magnitudes were derived from 
the direct Draco photoelectric standards. 

Column 7 gives the adopted B magnitudes which were 
used to reduce all the variables. Comparison stars A 


Taste II. Photographic standard sequence in Draco used fo 
variable stars. 
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2 Mean photometer readings. 

3 Photoelectric standards in Draco measured by Arp (a), Baum (b), or Sandage (s). 

4 Photometer readings of 4 “standard scale" plates reduced by Draco p.e. measures 
In Col. 3. 

} Appiah reodings of 4 Draco transfer plates reduced by M 13 p. e. measures 

1959) 

6 Photometer reading of 4 Draco transfer plates reduced by Draco p.e. measures 
In Col. 3. 

7 “Means of columns 3 through 6 for stars A - T; **means of columns 4 through 6 
(col. 5 has double weight) for stars U - Z. 
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Fic. 1. Photometer measures for variables less than 5’40” from center. Dots and open circles—observations 


in 1953 and 1954, respectively. 
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Fic. 2. Photometer measures for variables less than 5’40” from center. Dots and open circles—observations 
in 1953 and 1954, respectively. 
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Fic. 3. Photometer measures for variables less than 5’40” from center. Dots and open circles—observations 
in 1953 and 1954, respectively. 
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Fics. 4 AnD 5. Figure 4, upper. Figure 5, lower. Special variables (dots: photometer measures, open circles: eye estimates). V 134 


and a lie outside 8’ ring and magnitudes are approximate. V 96 and 144 have variable periods. V 123 shows extreme amplitude 
variations. 
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Fic. 6. Photometer measures for variables in outer ring. Dots and open circles—observations in 1953 and 1954, respectively. 
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Fic. 7, Photometer measures for variables in outer ring. Dots and open circles—observations in 1953 and 1954, respectively. 
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TABLE III. Secondary sequences for variable stars, 1959 photographic magnitudes. 
4 
‘ No. from No. from No. from 
its Table C B Star Table C B Star Table C B Star B 
| 
l 273 19.24 V24a + 322 19.69 V30a 20.06 Ila 19.11 
WV 271 20.33 b 82 20.53 b tee 20-40 b 18.62 
3 39 20.68 c 74 21.10 c 556 20.89 c 18.82 
v4 262 21.11 d 19.72 
V34a 348 19.13 V82a 19.67 e 20.42 
a! 401 19.47 b 340 20.15 b 19.98 ey 20.52 
ip 404 20.44 c 118 20.92 c 20.67 f 21.09 
y 403 21.20 } g 22.50: 
| V124a 425 19.38 Vil3a 20.06 
| te 19.18 b 428 20.03 b 20.28 Illa 18.05 
? . 544 19.75 c 205 20.40 c Sn 20.53 b 18.63 
| 539 20.49 d 519 21.06 c 19.47 
it ~ $46 20.91 V144a 254 19.34 d 20.48 
b 448 19.74 Ta 267 18.48 e 20.91 
yi 506 18.95 c 450 20.06 b 470 19.42 f 21.83 
i} She 19.81 d 258 20.54 c 469 19.95 
) 510 20.43 fe 256 20.68 d 464 20.47 IVa 19.13 
|: 512 20.77 e 267 20.94 b 19.52 
| V194a 494 17.34 f 457 21.70 c 20.13 
7a 435 19.53 b ee 18.07 d 20.97 
B 438 20.40 © 495 18.42 e DAS 
le 245 20.18 d 490 18.74 f 21.55 
b 440 20.54 e 297 18.92 g 22.40: 
c 441 20.76 f 300 19.68 
g 302 20.40 
h 489 20.79 


rough T are the means of columns 3, 4, 5, and 6, which 
1 effect gives greatest weight to measures derived from 
he photoelectric values in Draco; stars U through Z 
re the means of columns 4, 5, and 6, column 5 having 
ouble weight, which gives equal importance to values 
erived from the transferred sequence based on M13 
or the faint stars. 

The standard sequence of Table II was used for all 
he magnitudes of the variable stars given in Tables A 
nd B and shown in Figs. 1 through 7. The sequence has 
een revised again and will be discussed in connection 
vith the section on the C-M diagram. The revisions of 
he magnitude sequences assume importance when 
olor differences are discussed. 


4, SECONDARY STANDARDS 


Because many of the plates measured for variable 
tars showed astigmatism, secondary sequences near the 
uter variables were selected. These stars were measured 
n the photometer on the same plates and at the same 
ime as the basic sequence, and the results are given in 
‘able III and marked on Plate II. They are based on 
he same magnitude system as in Table II. The plates 
sed for deriving these sequences showed no astig- 
1atism. With the aid of the secondary standards, plates 
hat showed unevenness could be measured and the 
ariables reduced to magnitudes by the local standards. 
nly one plate had to be rejected for too great dis- 
repanciles, after it was measured. That these sequences 
vorked well can be seen in the quality of the light curves. 
‘o demonstrate that the differences in quality of the 
ght curves are not due primarily to the position on the 


plate but to differences in the stars themselves, one may 
compare light curves of variables reduced by the same 
local sequences; examples are V 113 and V 186 in Figs. 
1 and 2 or V 104 and V 147, the latter having a variable 
maximum. Even variables at the plate center show 
great differences in light-curve stability, as shown by 
V 72, Fig. 1, which has almost maximum scatter; and 
by V 71, Fig. 2, which has a good light curve throughout. 
The same scatter around a mean light curve, particularly 
at maximum, is found for variables in the outer ring. 
The magnitudes for variables 48, 84, 85, and 114 were 
all reduced with the same local sequence but an inspec- 
tion of the light curves in Figs. 6 and 7 shows consider- 
able variation in their quality. 


5. OBSERVATIONAL MATERIAL FOR THE 
VARIABLE STARS 


Of the 261 variables found in Draco only 137 have 
been measured for magnitudes, in order to determine 
type and period. These all lie within the outer ring of 
Plate III, except for two variables, V 134 and V 157, 
lying outside the ring which were brighter than the 
average variable and so have been included. Among the 
variables falling within the rings, five were not measured 
due to closeness of a nearby companion or a bright star. 
They are the variables 10, 111, 150, 176, and 195. The 
remaining 119 variables fell outside the good measuring 
area of the centered 200-inch plates or were found on the 
offset plates. Though they were not measured, Baade 
concluded from their brightness and amplitudes that 
they are probably RR Lyrae stars, as are the majority 
of the variables studied in detail in this paper. The 
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TABLE IVa 


86 VARIABLES LESS THAN 5'40" FROM CENTER IN ORDER OF NUMBER 


Computed Phase Computed Phase 
Figure Note Figure Note m4 
Var. Period 1/P Max. zero No. Mox. zero No, i! 
: in é 
if 0.61896 1.6156 10 -10 113 0.57009 1.7541 -90 90 ! 
8 0, 56957 1.7557 72 -70 122 0, 63837 1.5665 +20 -20 
1 0.69769 1.4333 90 -90 123 0. 59007 1.6947 = oD 
12 0.576385 1.73495 49 +50 124 0, 55673 1.7962 64 65 
13 0, 53657 1, 8637 +36 235 125 0.68171 1. 4669 -40 -40 
16 0.624894 1.60027 16 ra 126 0, 592856 1. 68675 si7 215 
17 0.59852 1.6708 +25 «25 127 0. 664562 1.50475 .70 -70 
19 0, 63183 1.5827 +50: -50 129 0, 59004 1.6948 -20 -20 
20 0.619970 1.61298 FS 55 132 0. 63331 1.5790 . 82 - 80 
21 0. 560614 1, 78376 76 +75 133 0. 60998 1.6394 -67 -70 5 " 
24 0.632131 1.58195 +21 +20 135 0, 63139 1, 5838 +80 - 80 6 : y 
5 0.561782 1.78005 «33 -30 138 0. 68980 1.4497 215 -15 ie 
27 0.764146 1.30865 -90 +90 141 0. 900868 4.11004 . 00 -00 t { 
29 0.56922 1.7568 +65 65 1 144 0. 588876 1.69815 .80 - 80 vf 
3 0.62976 1.5879 oz. als 147 0. 587320 1, 70265 -80 - 80 
31 0.61763 1.6191 off 75 2 148 0.67413 1, 4834 -48 45 
32 0.55182 1.8122 ~02 - 00 151 0. 620675 1.61115 47 45 
33 0.61091 1.6369 - 68 -70 152 0. 626900 1.59515 +24 25 
34 0,54511 1.8345 44 45 158 0. 65454 1,5278 -60 - 60 
35 0.57484 1.7396 18 +20 160 0, 64313 1.5549 mien -20 
36 0. 62547 1.5988 18 +20 161 0.621562 1. 60885 95 aD, 
37 0.554524 1,80335 -10 +10 162 0.62174 1.6084 +49 50 
38 0.621465 1.60910 .00 .00 163 0, 56051 1.7841 -63 65 
39 0.57422 1.7415 07 +10 164 0, 62465 1.6009 -80 -80 
40 0.616390 1.62235 81 - 80 165 0.35374 2.8269 -60 ~60 
4] 0.57880 1.7277 49 - 50 ze 169 0. 40316 2.4804 45 45 
43 0, 60365 1.6566 +25 ~25 170 Period not found = = 8 F 
44 0, 62430 1.6018 ~85 85 71 0.59963 1.6677 -16 15 9 
63 0.610630 1.63765 60 -60 173 0. 58689 1.7039 +75 75 
65 0.589119 1.69745 69 .70 174 0.67600 1.4793 «87 -9 i 
68 0,61683 1.6212 70 -70 175 0. 56243 1.7780 ~62 65 { 
7) 0.621465 1.60910 56 55 184 0.59437 1.68245 20 -20 
72 0,40713 2.4562 - 00 -00 185 0. 59382 1.6840 42 40 t 
74 0.591733 1.68995 -% 795 186 0.59705 1.6749 15 15 
75 0. 60288 1.6587 96 Pfs 188 0. 67372 1.4843 = «25 p 
77 0.639611 1.56345 | -90 190 0. 65824 1.5192 - -30 ff 
78 0.59315 1.6859 -89 -90 192 0. 66098 1.5129 4B 40 
79 0.61147 1.6354 +34 35 193 * 0.678173 1.47455 «75 Sif - 
81 0.73201 1.3661 85 ~85 194 1.59008 0. 6289 -50 -50 
82 0.592259 1.68845 56 55 196 0. 58941 1.6966 47 45 
98 0. 62786 1.5927 35 -35 198 0.67958 1.4715 «25. 225. 
103 0, 606377 1.64914 -52 - 50 
104 0.59182 1.6897 36 «35 3 
106 0, 620436 1.61177 4B 45 4 i 
108 0, 65976 1.5157 .23 .20 
TABLE IVb 51 VARIABLES BETWEEN 5'40" and 8' OF CENTER 
3 0.64880 1.5413 . 03: 05 94 0. 56032 1.7847 | -50 
4 0, 62625 1.5968 293 90 95 - 0.61719 1.62025 -40 40 
5 0.57006 1.7542 57 ea) 9% 0.58275 1.7160 57: -55 13 
6 0.69488 1.4391 a2 -10 97 0, 45996 2.1741 05 -05 
9 0.68418 1.4616 +10 10.3 100 0.74360 1.3448 75 75 
14 0.61839 1.6171 -60 60 101 0.61950 1.6142 - 60: -60 
15 0.57803 1.7300 15 15 107 0, 58123 1.7205 -76 75 
18 0.54963 1.8194 ~26 +25 10 112 0.77077 1.2974 +65 +65 
23 0, 61789 1.6184 - 10: -10 114 0. 64645 © 1.5469 25 ~25 
26 0.60295 1.6585 22 -20. 119 0. 66463 1.5046 -70 .70 
28 0.62594 1.5976 Pani -10 121 0.50785 1, 9691 60 .60 j 
45 0. 58048 1.7227 -00 - 00 128 0. 63403 1.5772 -82 -80 
46 0.33633 2.9733 +35 35 134 1.45815 0. 6858 35 +35 14 
48 0.58167 1.7192 -55 55 136 0. 55479 1.8024 mae 75 15 
57 0, 60485 1.6533 63 +65 14 0. 40323 2. 4800 -28 25 
58 0, 60423 1.6550 -37 35 145 0. 66050 1.5140 -05 0 
59 0.58924 1.6971 89 -90 149 0. 67536 1.4807 53 55 
60 0. 60938 1.6410 - 86 85 156 0. 69252 1, 4440 -92 90 
62 0.60343 1.6572 rhed| -90 157 0. 936487 1.06782 -28 -30 16 
64 0, 59873 1.6702 95 395 167 0, 66756 1.4980 = 90: 90 
70 0, 62508 1.5998 hh Bre 172 0. 66287 1.5086 30 «30 
80 0.60234 1.6602 285 85 im) 177 0.59242 1, 6880 71 -70 ie 
83 Period not found - - 12 178 0. 59386 1.6839 17 o15 
84 0.59196 1.6893 76 at) 183 0. 59506 1.6805 26 25 
85 0.611602 1.63505 ~70 -70 189 0.59439 1.6824 o 15: 15 
203 Irregular; see Table VII 


A: 2 ag le eee Obs. given in Table B. 

i ” So. foll. o 58°1722. Obs. f Table A, ey i 

3. V104 67 No, of 176 star. EC ar one eek 
4, V106 4"5 No, foll. of 19™4 star, 


sve 
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\S 


Prare, III. Variables in Draco. Center ring, variables in Table A; outer ring, variables in Table B. 


ocation of the variables found on the centered 200-inch 
tes is shown in Plate III. 

_ The area containing the measured 137 variables was 

vided into two rings. The inner ring has a radius of 

40”, and the far edge of the outer ring a radius of 8’, 


5. V 133 
6. V 135 
7. V 144 
; 8. V.170 

- - 9 ViI71 

: 10. V 18 
11. V.80 
12. V 83 
et 13. V96 

| 14. V 134 


7” So, foll, of 16™6 star. — 
4” No. foll. of 199 star. 


Max 20"10; Min 20™55. 
212 So. of 19™5 star. 
4'5 prec, of 18™5 star. 


15. V 136 
16. V 157 
Roy LET 


115 No. foll. of 20™0 star. 
estimates; obs. at end of Table A. 
46 So. prec. of 16™2 star, 


6'7 No. of 19™7 star; 517 prec. of 20™1 star. 

Max 19™90; Min 20™75. Obs. listed in Table A. 

1953 elements in table; 1954 elements P =0,58442, 1/P =1.7111. Phase at max, 0.14. Phase for figure, 0.15. 
Edge of oe eye estimates; obs. at end of Table A. 


The 86 variables in the inner ring and the 51 in the 
outer ring are listed in numerical order in Tables [Va 
and IVb, respectively. The tables give the variable 
number, the period, the reciprocal of the period used in 
the computations for phase, the computed phase at 


1953 elements in table, 1954 elements P =0.58834, 1/P =1.6997, Phase, 0.28. Phase in figure, 0.30, 
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TABLE V. Variables less than 5’40’’ from center in order of period.* 


Photographic Photographic zeta 


Var. Period Log P Max. Min. Med. Mean; Ampl. ampl. N 
a. 52 variables with stable light curves 

13 0.53657 —0.2703 19.53 20.99 20.26 20.43 1.46 295 
32 0.55182 2582 19.23 20.85 20.04 20.25 1.62 oD) 
124 0.55673 2544 19.49 20.89 20.19 20.35 1.40 Hoe) 
175 0.56243 . 2500 19.53 20.99 20.26 20.41 1.46 a8) 
8 0.56957 2444 19.52 20.74 20.13 20.30 22, .36 
12 0.576385 —0.2393 19.64 20.94 20.29 20.46 1.30 34 
144 0.58876 . 2300 19.54 20.88 20.21 20.36 1.34 .29 
65 0.589119 .2298 19.66 20.80 20.23 20.38 1.14 532, 
74 0.591733 .2279 19.50 20.74 20.12 20.27 1.24 .39 
104 0.59182 2278 19.50 20.74 20.12 20.24, 1.24 28 
82 0.592259 —0.2275 19.75 20.99 20.37 20.49 1.24 .34 
126 0.592856 .2270 19.63 20.73 20.18 20.32 1.10 34 
78 0.59315 . 2269 19.70 20.80 20.25 20.38 1.10 .33 
185 0.59382 2264 19.92 20.98 20.45 20.56 1.06 28 
186 0.59705 . 2240 19.90 20.92 20.41 20.49 1.02 32 
17 0.59852 —0.2229 19.77 20.85 20.31 20.41 1.08 268) 
43 0.60365 2192 19.74 20.70 20.22 20.34 0.96 233 
103 0.606377 Aw 19.90 20.76 20.33 20.39 0.86 30 
63 0.610630 2142 19.95 20.93: 20.44 20.52 0.98 25 
79 0.61147 2136 19.90 _ 20.84 20.37 20.46 0.94 27 
i 0.61896 —0.2083 19.94 20.80 20.37 20.47 0.86 .29 
20 0.619970 2076 19.78 20.78 20.28 20.39 1.00 oil 
106 0.620436 2073 19.94 20.68 20.31 20.42 0.74 285 
151 0.620675 2071 19.95 20.85 20.40 20.51 0.90 - 28 
38 0.621465 2066 19.96 20.76 20.36 20.43 0.80 .24 
71 0.621465 —0.2066 20.00 20.82 20.41 20.51 0.82 28 
161 0.621562 2065 19.93 20.81 20.37 20.46 0.88 32 
162 0.62174 - 2064 19.88 20.70 20.29 20.39 0.82 oy) 
164 0.62465 . 2044 19.86 20.84 20.35 20.42 0.98 a5)! 
36 0.62547 2038 19.45 20.67 20 .06 20.24 1.22 ae 
152 0.626900 —0.2028 19.90 20.70 20.30 20.38 0.80 138) 
98 0.62786 .2021 19.60: 20.66 20.13 20.28 1.06 iil 
30 0.62976 . 2008 20.08 20.90 20.49 DOES 0.82 27 
135 0.63139 1997 19.71 20.83 20.27 20.49 ft? .29 
19 0.63183 .1994 19.84 20.74 20.29 20.39 0.90 .30 
24 0.632131 —0.1992 20.00 20.68 20.34 20.40 0.68 28 
132 0.63331 1984 20.02 20.76 _ 20.39 20.46 0.74 26; 
122 0.63837 . 1949 20.04 20.70 20.37 20.44 0.66 30 
77 0.639611 .1941 20.05 20.76 20.41 20.49 OLA .32 
158 0.65454 . 1841 20.05 20.61 20.33 20.36 0.56 .16 
108 0.65976 —0.1806 20.11 20313 20.42 20.46 0.62 zon 
192 0.66098 . 1798 20.20 20.65 20.43 20.45 0.45 25, 
127 0.664562 1774 19.84 20.78 20.31 20.38 0.94 26 
148 0.67413 SEs 20.08 20.62 20.35 20.41 0.54 26 
174 0.67600 . 1700 19.88 20.62 20.25 20.33 0.74 .30 
193 0.678173 —0.1686 20.20 20.55 20.38 20.38 0.35 06 
198 0.67958 .1677 20.10 20.70 20.40 20.47 0.60 30 
125 0.68171 . 1664 19.95 20s 20.35 20.44 0.80 .26 
81 0.73201 51355 19.94 20.46 20.20 20.24 0.52 Al 
27 0.764146 .1168 19.76 20.48 20-12 20.16 0.72 = 25; 
141 0.900868 —0.0453 18.87 19.79 19.33 19.45 0.92 34 
194 1.59008 +0.2014 18.03 18.59 18.31 18.30 0.56 ahs 


maximum and, in column 5, a rounded-off phase of 
maximum that corresponds to phase zero used for con- 
venience in plotting the light curves of Figs. 1 to 7. The 
formula used for all computations of phase was 


Phase=1/P (JD of observation— 2434596.00). 


The last column gives numbers that refer to notes 
the bottom of the table. For two variables, V 83 
V 170, for which no periods were derived, the notes g 
the maximum and minimum magnitudes. These t 
stars are probably RR Lyrae stars; they may he 
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TABLE V (continued) 
_— 
| Photographic Photographic zeta 
iad. Period Log P Max. Min. Med. Mean; Ampl ampl. Note 
[ b. 28 variables with amplitude variation 
65 0.35374 —0.4514 20.12 20.78 20.45 20.47 0.66 nl 
69 0.40316 3945 20.05 20.77 20.41 20.40 0.72 .10 
72 0.40713 3903 19.85 20.58 20.22 20.22 0.73 .10 
| 20.30 20.58 20.44 20.44 0.28 07 
134 0.54511 2635 19.90 20.71 20.31 20.40 0.81 S72 
i] 19.77 20.80 20.29 20.39 1.03 mae 
37 0.554524 .2561 19%90 4) 20-93 20.22 20.28 1.42 a2. 
i 19.75 20.73 20.24 20.35 0.98 eo 
7 
163 0.56051 —0.2514 20.00 20.90 20.45 20.56 0.90 By 
H 21 0.560614 .2514 19.53 20.85 20.19 20.35 leey 552 
| 25 0.561782 . 2504 19.90 20.96 20.43 20.54 1.06 34 
113 0.57009 2441 19.95 20.62 20.29 20.23 0.67 .00 
39 0.57422 . 2409 20.02 20.72 20.37 20.42 0.70 24 
19.78 20.80 20.29 20.42 1.02 ESil 
35 0.57484 —0.2405 19.85 20.81 20.33 20.51 0.96 38 
4d 0.57880 2375 19.62 20.90 20.26 20.43 - 1.28 .38 d 
(173 0.58689 .2314 19.95 20.72 20.34 20.34 0.77 05 
147 0.587320 Zon 19.55 20.71 20.13 20.26 1.16 =o3 
| 19.80 20.68 20.24 20.33 0.88 .30 
196 0.58941 . 2296 20.15 20.70 20.43 20.46 0.55 (AS 
19.75 20.83 20.29 20.40 1.08 <32 
129 0.59004 —0.2292 19.76 20.85 20.31 20.42 1.09 so 
19.55 20.89 20.22 20.37 1.34 SSH! 
123 0.59007 2291 20.22 20.44 20.33 20.32 0.22 05 b 
19.96 20.64 20.30 20.33 0.68 2 
| 19.63 20.65 20.14 20.26 1.02 251 
184 0.594371 2259 19.70 20.74 20.22 20.34 1.04 .29 
19.92 20.55 20.24 20.32 0.63 .30 
f 0.60288 2197 20.10 20.84 20.47 20.55 0.74 31 
133 0.60998 2147 19.80 20.72 20.26 20.37 0.92 .20 
33 0.61091 —0.2140 19.78 20.78 20.28 20.40 1.00 .30 d 
40 0.616390 2101 19.95 20.83 20.39 20.49 0.88 .28 
68 0.61683 . 2099 19.72 20.56 20.16 20.23 0.84 .30 
4H 0.62430 . 2046 20.05 20.69 20.37 20.38 0.64 aah 
16 0.624894 . 2042 19.93 20.75 20.34 20.43 0.82 33 
, 160 0.64313 —0.1917 20.12 20.68 20.40 20.46 0.56 525 
138 0.68980 .1613 20.11 20.55 20.33 20.34 0.44 .00 
20.00 20.80 20.40 20.38 0.80 .04 
11 0.69769 1563 19.98 20.65 20.32 20.35 0.67 312 


® Variables in Table V are plotted in Figs. 1 through 4 unless otherwise specified in notes, 


»V 123 and 144; see Fig. 5. 


© V 36, 98, 125, 127, 135, and 174 have large-amphitudes for their periods; see Table VIII and Fig. 16, 


4 Magnitude scatter mostly at maximum. 


periods near some even fraction of a day, extreme 
variation in amplitude, and possibly some irregularity 
in period. 

Tables V and VI list the variables in order of period. 
The tables give the variable number, the period, the 
logarithm of the period, the maximum, minimum, and 
median magnitudes, the magnitude of the mean intensity 
called meany, and the amplitude. The ninth column 
gives the quantity zeta divided by the amplitude. Zeta 
was used by Martin in his paper on » Centauri (1938) 
and it is defined by [= ,—mea, Where my, is that 
magnitude on the ascending branch which is separated 
exactly: by one half period from the same magnitude on 
the descending branch, and mmeqa is the median mag- 
nitude, (min-max). The advantage of ¢ as a measure 
of asymmetry is that it can be measured more objectively 


than other quantities such as the rate of rise to maxi- 
mum, which is often affected by bumps or by the diffi- 
culty of determining the time between maximum and 
minimum. There are a few cases of bumps on the 
ascending branch that may call for judgment, but those 
cases concern mostly Cepheids. In this paper ¢ has been 
divided by the amplitude to give an independent 
measure of the asymmetry freed from the effects of 
amplitude. When ¢/A is near zero, the light curve is 
almost a sine curve, and when ¢/A is near 0.5 it is most 
asymmetrical. 

In Table V are listed the variables of Table IVa, 
except for the stars V 188 and V 190, which were not 
observed at maximum, and the stars V 29, V 31, and 
V 171, whose magnitudes are affected by nearby stars. 
These stars are now listed in Table VI along with the 
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Taste VI. 54 variables between 5/40’ and 8’ of center in order of period.* 
Photographic Photographic zeta 
Var. Period Log P Max. Min. Med. Mean; Ampl ampl Note 
46 0.33633 —0.4733 19.95 20.85 20.40 20.42 0.90 -.06 
143 0.40323 3945 19.95 20.59 20.27 20.29 0.64 -06 b 
97 0.45996 3372 20.02 20.82 20.42 20.40 0.80 -04 b 
121 0.50785 2943 19.73 20.57 20.15 20.14 0.84 02: c 
18 0.54963 2599 19.82 20.86 20.34 20.46 1.04 26 d 
136 0.55479 —0.2559 19.60 20.56 20.08 20.18 0.96 opal d 
94 0.56032 . 2516 19.84 21.16 20.50 20.68 1/32 36 
29 0.56922 . 2447 19.45 20.65 20.05 20.19 1.20 40 d 
5 0.57006 2441 19.74 20.90 20.32 20.45 116 139 
15 0.57803 . 2381 19.80 21.00 20.40 20.54 1.20 25 e 
{4 
45 0.58048 —0. 2362 19.70 20.90 20.30 20:44. 1.20 29 Vd 
107 0.58123 2357 19.50 20.80 20) 15 20.31 1.30 Al 
48 0.58167 . 2353 19.76 20.80 20.28 20.39 1.04 nell e 
96 0.58275 . 2345 19.90 21.00 20.45 20.54 1.10 aay f 
0.58442 . 2333 19.80: 21.10 20.45 20.54 1.30: BSE 
59 0.58924 2297 19.66 20.90 20.28 20.43 1.24 ae 
84 0.59196 —0.2277 19.60 20.80 20.20 20.34 1.20 nays 
177 0.59242 2274 19.90 20.70 20.30 20.37 0.80 «29 d 
178 0.59386 . 2263 19.80 21.00 20.40 20.54 1.20 saul 
189 0.59439 . 2259 19.92 20.98 20.45 20.56 1.06 .30 b 
183 0.59506 . 2254 19.84 21.02 20.43 20.56 1.18 35 
64 0.59873 —0.2228 19.88 ~- 20.80 20.34 20.44 0.92 33 
171 0.59963 YHA 19.55 20.65 20.10 20.19 1.10 28 dg 
80 0.60234 . 2202 19.70 20.94 20.32 20.46 1.24 28 
26 0.60295 2197 19.80 21.02 20.41 20.55 1222 35 ( 
62 0.60343 . 2194 19.80 21.00 20.40 20.54 1.20 26 
58 0.60423 —0.2188 19.85 20.85 20.35 20.46 1.00 29 
57 0.60485 . 2184 19.84 20.74 20.29 20.37 0.90 30 e 
60 0.60938 2151 19.78 20.70 20.24 20.34 0.92 <0 
85 0.611602 2135 19.90: 20.86 20.38 20.48 0.96 28 b 
95 0.61719 . 2096 20.00 21.00 20.50 20.61 1.00 139) 
31 0.61763 —0.2093 19.65 20.77 20.21 20.34 a2 ao d 
23 0.61789 2091 19.95 20.75 20.35 20.43 0.80 36 b 
14 0.61839 . 2087 19.51 20.75 20.13 20.28 1.24 34 
101 0.61950 . 2080 19.88 20.78 20.33 20.41 0.90 .30 
70 0.62508 . 2040 19.60 20.88 20.24 20.39 1.28 34 b 
28 0.62594 —0.2035 19.92 20.72 20.32 20.40 0.80 ahs) b 
4 0.62625 . 2033 20.05 20.79 20.42 20.49 0.74 22 b 
128 0.63403 1979 20.35 20.97 20.66 20.70 0.62 tS b 
114 0.64645 1895 19.56 20.56 20.06 20.17 1.00 .26 
3 0.64880 . 1879 19.60 20.70 20.15 20.27 1.10 34 
190 0.65824 —0.1816 1958520) 20-70 20.28: 20.36: 0.85: tee b, h 
145 0.66050 1801 20.15 20.77 20.45 20.48 0.60 05 b 
172 0.66287 1785 19.90: 21.00 7 Sig AU 12103 rons i 
119 0.66463 1774 20.05 20.65: 208353 | 20239: 0.60: 20 b 
167 0.66756 NSS) 19.90: 20.78 20.34 20.42: 0.88: 29: a 
188 0.67372 —0.1715 a 20.68 vee di at me h 
149 0.67536 1704 20.20 20.78 20.49 20.52 0.58 28 b 
9 0.68418 . 1648 19.94 20.64 20.29 20.35 0.70 29 
156 0.69252 1596 19.95 20.65 20.30 20.35 0.70 24 b 
6 0.69488 1581 19.57 20.61 20.09 20.23 1.04 230 
100 0.74360 —0. 1287 20.05 20759 20.30 20.33 0.50 20 b 
112 0.77077 1131 19.98 20.76 20.37 20.44 0.78 Ah b 
157 0.936487 —0.0285 18.21 19.47 18.84 19.00 126 -40 f 
134 1.45815 +0.1638 18.27 19.45 18.86 18.80 1.18 08 f 


2 Variables in Table VI are plotted in Figs. 6 and 7 unless otherwise specified in notes. 

b General magnitude scatter. 

eV 121 descending branch not observed. 

dV 18, 29, 31, 136, 171, and 177 have companions causing their magnitudes to be uncertain and often too bright. 
e Magnitude scatter mostly at maximum. 

£{V 96, 134, and 157; see Fig. 5. 

«V 171; see Fig. 2. 

bh V 188 and V 190 maxima not observed; see Fig. 3. 

iV 167 and 172. One observation at maximum, 
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tars of the outer ring of Table IVb. Table V has been 
ubdivided into two parts: Table Va contains 52 vari- 
\bles with light-curves that showed the minimum of 
catter, and Table Vb lists 28 variables with variable 
implitudes. In Table Vb the d in the note column 
ndicates that instead of a general scatter about a mean 
urve the scatter is most pronounced at maximum light 
ind a little less so at minimum, as in V 34 and V 196. 
[t may be a beat-period phenomenon. In Table VI the 


a eee ee eee 


-» indicates the same type of variable and b indicates 


the stars that show general scatter. Of course there are 


-vorderline cases hard to assign to a given class. 


The variables of Table V are shown in Figs. 1 through 
4, and those of Table VI are plotted in Figs. 6 and 


7, except that V 171, 188, and 190 were plotted among 


the light curves of Figs. 2 and 3. A few variables with 
special problems are plotted in Fig. 5 and are so indi- 
cated in the notes. 


Table A lists the observations of the variables in the 


inner ring and two others which are at the end of the 
table. The left-hand column gives the Julian Day and 
the decimal of the day corrected for heliocentric time 
for the mid-exposure of the plate. For each variable are 


listed the magnitude and phase; the phase was com- 


puted using the reciprocal period given in Table IV. 
Sixty-six plates were measured using the Eichner astro- 
photometer, 12 plates by eye estimate to help determine 
the period; these last are indicated by an asterisk and 


they are not plotted in Figs. 1 through 4. The last three 
| variables in the table have an asterisk beside the variable 


number to indicate that all the measurements were 
made by eye estimate. V 134 and V 157 lie outside the 
outer ring and V 31 is close to BD +57°1722 causing 


all the photometer measures to be too bright. It is 
plotted in the Fig. 7 and is the only variable plotted 
‘using eye estimates except for those in Fig. 5. Table B 
gives the observations for the 47 variables in the outer 


ring and for V 29 which has a companion. In this table 


| the observations have been separated into two groups; 


the first group contains 35 observations made with the 
astrophotometer, and the second group 37 observations 


| made by eye estimate. Again only the photometer 


measures have been plotted in Figs. 6 and 7. 


6. SPECIAL VARIABLES 


The only variable not listed in either Table A or B 
and which is not a variable of the RR Lyrae type is 
V 203. It has been observed by the eye-estimate method 
and it varies between 18™98 and 19™44. It was more 
or less constant during one observing season. Table VII 
summarizes the observations and they are plotted in 
Fig. 8; the abscissa is Julian Day and the ordinate is 
magnitude, the open circles are the few photovisual 
measures. The star falls about one magnitude above the 
horizontal branch in the color-magnitude diagram, 
where the main sequence of Draco might have been 
if the main sequence had continued upwards. Whether 
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TaBLe VII. Magnitudes of V 203. 
No. of No. of 

JD Obs. B Obs. V B-V 

2434244 1 19.10 2 19.18 —0.08 
486 1 18.80 
597 15 19.00 

601 11 18.96 2 19.05 —0.09 
627 10 19.00 
634 4 18.96 
898 4 18.97 
924 15 18.99 

931 2 19.02 3 19.11 —0.09 
983 17 19.04 
35010 7 19.02 
252 4 19.39 
278 6 19.47 
636 + 19.40 

665 9 19.43 1 19.40 +0.03 

687 4 19.43 1 19.40 +0.03 

692 5 19.44 3 19.38 +0.06 
718 1 19.35 

36048 1 19.10 

073 RS) 19.02 
337 1 19.21 


it 1s irregular or eclipsing and whether it belongs to 
the Draco system or is a field star is unknown. 

It is rather remarkable that no red irregular or long- 
period variables were found. Though the pairs of plates 
chosen for blinking were generally selected to find RR 
Lyrae stars and Cepheids, still enough pairs with longer 
intervals of two or three months, or around one year, 
were intercompared; no red variables were found and 
none turned up among the measures for the color- 
magnitude diagram, though V 203, a bright blue vari- 
able, was picked up. It is apparent that very few if any 
variables with a variation of over 0™4 were missed. 
These red variables would not have had to be brighter 
than B=18"™5. 

There are a few stars with special problems whose 
light curves are shown in Fig. 5. The dots are astro- 
photometer measures and the open circles are eye 
estimates. V 134 and V 157 are important variables 
because of their brightness and periods but unfor- 
tunately they lie outside the good measuring area. By 
using 200-inch offset plates and a 48-inch Schmidt plate 
an effort was made to bring the magnitudes to the same 
system. However, the attempt is not completely success- 
ful, especially as the amplitudes of the variables may 
be too large. These variables are difficult to measure 
as they lie in the area of the plates where there is coma. 
The comparison stars should lie equally distant from 
the plate center, but it is not always possible to find 


MAG = 
18.6 T Vv 203 
. 

19.0 8 cd Xe o* 
19.4 *~. - ns 
19.8 pt eel L ie Vy 
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JULIAN DAY 


Fic. 8. V 203. Dots are photographic magnitudes, open 
circles are photovisual magnitudes. 
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such stars. The periods are correct and so are the 
general shapes of the light curves, except that the 
minimum of V 157 is probably too flat. 

V 96 and V 144 showed small changes in the period 
between observing seasons. In Fig. 5 the light curves for 
the two years are placed side by side. The eye estimates 
are plotted only to show the change in period. In V 96 
the eye estimates are too bright at minimum, which is 
the effect of faintness too near the edge of the plate and 
in this case not due to instability in the star. V 123 
showed the most extreme case of variable amplitude 
and is plotted on the right side of Fig. 5. For about 
seven days it showed a variation of only 0.2 or 0.3 mag. ; 
then it was not observed for a month and in the next 
nine days it varied by almost one magnitude. The 
following year it varied by 08 for over a month, and 
the phase of the maximum had shifted. After an interval 
of 50 days with no observations the star was again 
observed to vary for a month with an amplitude of 170 
and the maximum had shifted back. This variation in 
amplitude may be a beat-period phenomenon, which 
we have not tried to determine because of limited 
observations. 4 


7. RR LYRAE VARIABLES 


The variables with regular periods are shown in 
Figs. 1 through 4 and in Figs. 6 and 7. Only the indi- 
vidual astrophotometer measures converted to mag- 
nitudes are plotted, 1953 observations as dots, and 
1954 as open circles. The eye estimates were omitted 
from the figures as they increase the accidental scatter. 

A cursory inspection of the light curves in these figures 
shows first that most of them have periods of over one- 
half day. These are Bailey’s type a and 8, but in this 
paper no distinction has been made between the two 
types and they are all referred to as type a. There are 
six stars with short periods and small amplitudes which 
belong to Bailey’s type c. One other, V 121, is also type 
c from its position in the period-luminosity and period- 
amplitude diagrams of Figs. 9 and 13. It has’a period of 
0.507 days and an amplitude of 0™84. Five of these 
seven variables of type c show much scatter which may 
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be due to the wrong period, but different periods were 
tried and none worked so well as that plotted. It is still 
possible that a spurious period has been given, but it 
is more likely that there are intrinsic differences within 
the stars themselves. 

Continuing with the inspection, the type @ variables 
show marked differences in quality; many of the light 
curves appear to be very stable while others show much 
scatter. Stars like V 113, P=0%570, show a general 
scatter throughout the light curve, but usually in the 
Draco system the scatter is most pronounced at maxi- 
mum and rather less marked at minimum, and the 
rising and descending portions of the light curves show 
very little scatter, as in. V 37, P=04554. Some nights 
the variable has a high maximum; on others it is lower 
than average. The variation may occur during the same 
observing season, but for many of the variables it seems 
to have a longer cycle and the variation shows up 
between the two years observed, as in V 196, P=0%589. 


8. RELATIONSHIP OF PERIOD TO LUMINOSITY, 
AMPLITUDE, AND ASYMMETRY 


The following section and Figs. 9 through 23 deal 
with the period-luminosity and period-amplitude rela- 
tionships and with the asymmetry of variables in Draco 
and their comparison with two globular clusters. In the 
figures the abscissa is always the logarithm of the 
period; the ordinate for the P-L and P-A curves is in 
photographic magnitudes. The solid lines shown in the 
figures were drawn using the applicable mean points 
that are tabulated in Table VIII. These points are each 
the mean of five to seven stable variables of Table Va. 
Six of the stable stars appeared to have conspicuously 
larger amplitudes for their periods and their means were 
taken separately and are plotted as dashed lines in the 
same figures. In Figs. 12, 13, 18, and 20 the mean curves 
are drawn among the stable variables from which they 
were derived. In Figs. 9, 14, 19, and 21 the mean curves 
are drawn to show the comparison of the stable variables 
with those of variable amplitude, and the mean curves 
are also drawn in the figures for the two globular clusters 


TasLe VIII. Mean curves from Figs. 12, 16, 18, and 20. 


No. of 
var. Log P Max Min Med Mean; Ampl. c/A Variables 
Stars of average amplitude , 
6 —0.253 19.49 20.90 20.20 20.37 1.41 0.33 8, 12, 13, 32, 124, 175 
7 —0.228 19.61 20.81 20.21 20.35 1.20 0.33 65, 74, 78, 82, 104, 126, 144 
5 —0.222 19.84 20.84 20.34 20.44 1.00 0.31 17, 43, 103, 185, 186 
6 —0.210 19.91 20.81 20.36 20.46 0.90 0.29 7, 20, 63, 79, 106, 151 
7 —0.205 19.94 20.79 20.37 20.45 0.84 0.29 30, 38, 71, 152, 161, 162, 164 
5 —0.197 19.99 20.73 20.36 20.44 0.74 0.30 19, 24, 77, 122, 132 
6 —0.175 20.12 20.64 20.38 20.42 0.52 0.21 108, 148, 168, 192, 193, 198 
2 —0.126 19.85 20.47 20.16 20.20 0.62 0.23 27, 81 
Stars of large amplitude 

3 —0.202 19.59 20.72 20.15 20.31 ib ale 0.31 36, 98, 135 
3 —0.171 19.89 ZOei2 2030 “20.38 0.83 spall 125, 127, 174 
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Fics. 9-11. Period-luminosity relations for Draco, M3, and w Centauri, respectively. Crosses are type ¢ variables: in Fig. 9 dots 
are for variables of inner ring; open circles for variables of outer ring of Draco. 


to emphasize the comparisons. M3 and w Centauri were 
chosen because they each have many variables stars 
and are representative of the two different globular 
cluster groups (Oosterhoff 1939). For M3 the 49 vari- 
ables discussed by Sandage (1959) were used in Figs 
10, 16, and 22. The 60 variables of w Centauri plotted 
in Figs. 11, 17, and 22, are taken from the paper of 
Martin (1938). Only variables farther than 5 minutes 
of arc from the center of # Centauri were used. 


8a. Period-Luminosity 


The period-luminosity relation for all the Draco 
variables with known periods has been plotted in Fig. 9. 
The dots represent variables in the inner ring, Tables 
Va and b, and the open circles those in the outer ring 
of Table VI; six variables with companions have not 
been plotted. There is a barely suspected tendency for 
the type c variables (plotted as crosses) to have brighter 
luminosities as they increase in period, a tendency also 
suspected in w Centauri, Fig. 11. However, in Draco 
there are too few type c variables to be sure. In Fig. 9 
the mean P-L curve for the type @ variables is shaped 
like a small arc; in the first part the stars become fainter 
as the periods increase. This is due to the effect observed 
by Sandage for M3 that the variables with longer 
periods are slightly redder; thus when they are plotted 
with the B photographic magnitude as ordinate the 


curve slopes downward. However, what is distinctive 
about the Draco P-L curve is that there seems to be a 
definite rise in luminosity for the variables that have 
periods over 0.7 days (logP=—0.15). In M3 and 
w Centauri the P-L curve stays almost horizontal for 
all the variables with periods under one day. In w Cen- 
tauri, which has three variables between 1 and 1.5 days, 
the luminosity of the variables at 1.5 days is about 0™7 
brighter than the RR Lyrae variables; but in Draco, 
which has two well-observed stars with periods between 
0.9 and 1.6 days and two of more doubtful magnitude, 
the luminosity at 145 is about 1™7 brighter than the RR 
Lyrae variables. The greater luminosity of the variables 
with periods over one day has also been observed in the 
Sculptor system. The magnitudes for the two variables 
with published periods may be uncertain but the scale 
is probably nearly correct. Baade and Hubble (1939) 
have given the distance modulus for the Sculptor 
system as 19™6. The periods and magnitudes for the 
two brightest variables in Sculptor are given in Table 


TABLE IX. es ee variables. 


Photographic 
Var. Max Min Period LogP Me Reference 
A 18.0 18.8 0. 9256 any 034 ANG 2 Thackeray (1950) 
B 17.7 18.6 1.3459 +0.129 -—1.4 hel eada (1939) 
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Fic. 12. Period-luminosity relation for stable variables of 
the inner ring of Draco, Table Va. 


IX. This gives a luminosity increase similar to that 
observed for Draco. Thackeray had also remarked on 
their brightness. It is hoped that with an accumulation 
of material from the study of other dwarf systems such 
as Sculptor, Leo II, and Ursa Minor some conclusion 
can be reached as to the relationship of these variables 
to the RR Lyrae variables: whether there is a con- 
tinuous period-luminosity curve or whether there is a 
definite break between the two kinds of variables. The 
P-L diagram for Draco has been repeated in Fig. 12 
using only type a variables of the inner ring that have 
good light curves with minimum magnitude scatter 
listed in Table Va. Figure 12 shows that the P-L curve 
for the stable variables has less scatter about the mean 
curve but is otherwise like the curve for all the variables 
of Fig. 9. 


8b. Period-Amplitude 


It is in the period-amplitude diagrams that marked 
differences in the distribution appear between the stable 
and unstable variables. In Fig. 13 only the amplitudes 
of the stable variables of Draco have been plotted from 
Table Va, and in Fig. 14 the variables of variable ampli- 
tudes from Table Vb. It is hard to be consistent about 
the maximum, minimum, and amplitude values of the 
unstable light curves. When the scatter is small, the 
mean has usually been chosen, but where the variation 
is extreme, the maximum amplitude is plotted as a dot 
and the minimum amplitude as an open circle connected 
by a light dashed line. For the stable variables of Fig. 
13, there seems to be an average amplitude relation for 
seven-eighths of the stars with periods between 0.54 
and 0.70 days. Six of the stars seem to have unusually 
large amplitudes for their periods; they may be the 
upper boundary of the stable stars but they have not 
been included in the mean curve for the average stable 
variables. M3 also seems to have a few variables with 
unusually large amplitudes for their periods, Fig. 16. It 
is seen in Fig. 14 that the stars with variable amplitude 
fall mostly below the solid line but that their largest 
amplitudes are similar to the amplitudes for the stable 
stars and therefore the maximum amplitude might be 
considered the normal condition of the stars. Preston, 
Spinrad, and Varsavsky (1961) have observed that the 
largest amplitude observed for the unstable RR Lyrae 
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is about equal to the amplitude of the stable TU Ursa 
Majoris. ; 

In Fig. 15 all the stars except those with companion: 
are plotted and the symbols are the same as those it 
Fig. 9. It is notable that the variables in the outer ring 
(open circles) do not seem to scatter below the meat 
curve but do scatter above it. The spread above may 
be due in part to the effect of distance from the plat 
center exaggerating the amplitude. The lack of scatte 
on the under side is probably due to the small numbe: 
of observations or to the circumstance that the variable: 
farther from the center of the Draco system are mor 
stable. This could be checked by measuring the outlying 
variables on suitable*plate material which is nov 
lacking. In w Centauri there seems to be no difference 
in the distribution between stable and unstable star: 
from the center outwards. 

Figures 16 and 17 show the P-A relationship for M3 
and w Centauri compared with Draco. The solid ance 
dashed lines in these figures are the mean curves 0! 
Draco derived from the variables with stable light 
curves of Fig. 13. Figure 16 shows that type @ variable: 
of M3 lie to the shortward side of the mean curve ot 
Draco and Fig. 17 than the w Centauri variables lie tc 
the longward side. That is, if the period is kept constant 
the amplitude will be smallest for a variable of that 
period in M3, medium in Draco, and largest in w Cen- 
tauri. For instance, if the period is 04630 (logP= 
—0.200), the respective amplitudes are about 0™6. 
0™75, and 1”25. If the amplitude is held constant at 
1™4, then the periods for the three systems in the same 
order are 07525, 04562, and 04596 (logP= —0.28, —0.25. 
and —0.225). 

It is interesting to compare these diagrams tc 
Preston’s Fig. 5 (1959); where he has related the meta! 


AMPL 


Table Va 


Fic, 13. 


Table Vb 


Fic, 14. 


0.0 


Fics. 13 anp 14. Period-amplitude relations for Draco: Fig. 13 
for stable light curves, Table Va; Fig. 14 for stars with variable 
amplitude, Table Vb. Solid lines represent mean (Table VIII) 
of stable variables, dashed line mean of six stars with large am- 
plitudes for their periods. 
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Fics. 15-17. Period-amplitude relation of Draco, M3 and w Centauri, respectively. Figure 15 uses same symbols as Fig. 9. Solid 
: and dashed lines same description as in Fig. 13. 


yundance, AS, of RR Lyrae stars to the P—A relation 
id found that there is a correlation. The weaker the 
etallic lines, the more the P-A relationship is shifted 
the right of the diagram. It suggests that what has 
en observed for Draco, M3, and w Centauri in Figs. 
), 16, and 17 may be related to their differences in 
etal abundance. This will be discussed further in 
oc. 14. 

The diagrams for Draco are ambiguous as to what 
ippens to the mean period-amplitude relation for vari- 
yles with periods greater than 0°68 (log P= —0.15), as 
lere are too few variables with longer periods. It may 
> of some interest to note the mean periods of the 
iree groups of type a variables with periods between 
536 and 0.700 days in Draco, and to compare them 
ith results from w Centauri, where the same kind of 
nplitude variation was observed by Martin (1938). 
‘hether his criteria of variable amplitude were the 
me as those used in this paper cannot be determined 


without plotting the individual observations, but what 
he has shown can be compared with Draco. Martin’s 
type 6 variables (with one exception) have periods 
longer than 0¢7 and are treated separately. Table X 
summarizes the comparison. 

Because Sandage selected for M3 only variables with 
no peculiarities, no comparison can easily be made with 
M3. It should be remarked here that Draco has only 
two variables with changing periods, though many with 
variable amplitude. This may be due to the fact that 
Draco has been observed for only two years and small 
changes in period have not been detected. 

In Fig. 18 the maximum magnitudes (open circles) 
and minimum magnitudes (dots) are plotted against 
logP for the stars with good light curves, and in Fig. 19 
for the stars with variable amplitudes. At minimum the 
mean curves for the average and large amplitudes are 
essentially the same. This shows that the stars with 
large range differ from the average amplitude stars at 


TABLE X. Mean periods. 


Draco w Centauri 

No. of Mean No. of Mean 
Type @ variable variables Percent period variables Percent period 

Large amplitude 6 8 09651 ee ee aoe 
Average amplitude 42 58 0.612 46 75 04629 
Variable amplitude 25 34 0.598 15 25 0.569 
Total, type a 73 0.611 61 0.614 
type b 16 0.804 
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Fics. 18 anp 19. Period-maximum and period-minimum magnitude relations. Figure 18 shows stable variables of Table Va 
Fig. 19 shows unstable variables of Table Vb. Dots are photographic magnitudes at minimum, open circles at maximum, and cross¢ 
represent type c variables. In both figures solid and dashed lines are the mean of stable variables from Table VIII. 


maximum light and not at minimum, whereas Fig. 19 
shows that the stars of variable amplitude fall mostly 
between the solid lines and that their variability is less 
than the range for the stable variables. This is what 
would be expected if the variability in amplitude is due 
to a beat-period phenomenon. To return to Fig. 18, it is 
evident that even for stable variables the scatter around 
a mean curve is much less for minimum magnitudes 
than for maximum values, and the steady increase of 
brightness of the minimum mean curve suggests a 
possible smooth relation for variables of type a with 
those of periods from 0.7 to 1.6 days in Draco. Here 
there is no break as the one that is observed at 
logP=—0.15 in the P-L curve of Fig. 9 for magnitudes 
of the mean intensities. This smoother relation for 
minimum magnitudes can also be observed for the 
globular clusters if their minimum magnitudes are 
plotted against their periods (see Sec. 9). 


8c. Period-Asymmetry 


The relationship of period to asymmetry, ¢/A, of the 
good light curves has been plotted in Fig. 20. The mean 
curve indicates that the asymmetry which first decreases 
with increasing period length again increases, after 0°7, 
though observations are few at this critical place. Only 
one variable, V 193, seriously falls off from the mean 
computed curve. In Fig. 21 have been plotted the 
values of ¢/A for the stars of variable amplitude. The 
crosses represent the type c variables. This figure shows 


considerable scatter with the variables 11, 22, 44,1 
128, 138, 145, and 173 falling below. It is suggested tl 
V 113 and 173 with ¢/A less than 0.05 and peri 
less than logp=—0.23 may be type ¢ variables. Th 
position in the P-L and P-A diagrams of Figs. 9 a 
13 neither confirm nor refute this possibity. 

This scatter is in contrast to what is observed for t 
globular clusters. Figures 22 and 23 for M3 and 
Centauri show very little deviation for any of t 
variables; and in w Centauri, if the variables closer 
the center of the cluster had also been plotted, th 
would have added little to the scatter observed. At fi 
it was tempting to designate the stars that fall bel 
the mean curve in Draco and showed little asymmet 
as Bailey’s type b. But they do not correspond to wh 
Martin has called type 6 in w Centauri, which are m« 
of the variables with periods over 0¢7 and which sh 
no break aside from a small gap with the type @ va 
ables in Fig. 23. Why these variables in Draco { 
below the average curve may have some relation to t 
break observed around 027 where the variables be; 
to increase in luminosity; this is not found in a 
globular cluster so far studied. 


9. PERIODS GREATER THAN ONE DAY 


It is interesting to compare Draco with Arp’s (19: 
work on Cepheids with periods over one day in globu 
clusters. Arp’s Table V for logP and photograp! 
magnitude of the means has been replotted in Fig. 
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ics. 20 anv 21. Period-asym- 
sry relation. Figure 20 shows 
fe variables of Table Va. Fig. 


\hows as dots unstable variables 
Table Vb; open circles: outer 
x variables of Table VI; and 
 sses represent type c variables. 
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Fics. 22 anp 23. Period-asym- 
‘try relation for M3 and w Cen- 
uri, respectively. Dots: type a 
d b variables; crosses: type c 
riables. 


ing only the single periods; the variables for Draco 
id Sculptor have been added. Mean points for the RR 
yrae type variables for Draco, M13, and w Centauri 
e also plotted. The ordinate is the photographic mag- 
tude of the mean intensity minus the mean modulus 
the median magnitudes of RR Lyrae variables. This 
sumes that the absolute magnitude for the variables 
the various systems is the same. That it also assumes 
at the magnitude is zero is here irrelevant, for if the 
solute magnitude is the same for all variables the 
cture remains the same though shifted up or down. 
igure 24 suggests that the spread from the P-L relation 
r the periods greater than a day is about the same 
idth as the spread in logP for the RR Lyrae variable 
ars. The material has been replotted in Fig. 25 with the 
dinate as the minimum magnitude minus the median 
odulus. The new figure shows less scatter than Fig. 24. 
oth Figs. 24 and 25 show a definite break between types 
and c RR Lyrae stars. Figure 25, like Fig. 18, suggests 
at the relation between type a RR Lyrae and longer- 
riod Cepheids at minimum light may be a continuous 
1e, though different for the dwarf galaxies compared to 
ie galactic globular clusters. The globular cluster 
lation suggests no definite break between variables 
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with periods less than a day with those over a day but 
there is a still-stand between 1 and 3 days and there is 
some evidence for a difference between two kinds of 
variables with periods over 10 days. The more luminous 
branch is represented by variables like Var 154 in M3 
and Var 42 in M5 with fairly sharp maxima and a 
still-stand about halfway down the decreasing branch, 
and the less luminous branch by Var 2 in M10, Var 1 
in M2, and Var 84 in M5 which have light curves with 
broad maxima like W Virginis. Unfortunately there are 
only a few Cepheids with periods of over a day in any 
one cluster and the picture is a composite. The Draco 
system shows rather a different curve in Fig. 25, it has 
a much steeper rise which begins earlier; in fact, the 
variables with periods longer than 097 already show an 
increase in luminosity and the little material available 
for the Sculptor system indicates the same kind of 
rapid rise. 

As mentioned before, equal luminosity was assumed 
for the RR Lyrae variables for all the systems. There is 
now some evidence that the absolute magnitudes of the 
RR Lyrae stars may vary between globular clusters 
(Arp 1959). This is difficult to determine for most 
systems as, at present, a new determination of absolute 
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Fic. 24. Period-luminosity relation for variables with periods 
over 1 day for Draco and globular clusters. Ordinate is absolute 
magnitude of mean intensity assuming RR Lyrae stars have zero 
absolute magnitude. Abscissa is logP. Mean points of RR Lyrae 
variables are also shown. 

Fic. 25. Variables with periods over 1 day for Draco and 
globular clusters. Ordinate is absolute magnitude of the minimum 
assuming again that the absolute magnitude for RR Lyrae 
variables is zero. Same symbols are used as in Fig. 24. 


magnitudes depends on the turnoff point from the 
main sequence and that can only be determined by 
accurate observations of M,=-+4.0 and fainter. 


10. PERIOD-FREQUENCY 


The histograms of Fig. 26 compared the frequency of 
period for RR Lyrae variables in Draco with the two 
globular clusters. For this comparison all the variables 
of w Centauri have been used and for M3 the first 142 
variables listed in the Second Catalogue of Variable Stars 
in Globular Clusters (Sawyer 1955). Draco resembles 
M3 more closely than it does w Centauri in the rarity 
of type ¢ variables and the pronounced peak of its 
histogram for type a@ stars. However, the peak for Draco 
is longward from that of M3 and its median period 
for type @ variables is 09611 while that for M3 is 04540. 
The histogram of w Centauri is different; 46% of its 
variables are type c and the type @ variables do not 
show any marked peak; the median is 02630, excluding 
21 variables with periods over 027. The period-frequency 
histogram would seem to indicate that Draco is more 
like M3, which is listed in Oosterhoff’s (1939) group I, 
than it is like w Centauri of group II; but when the 
color-magnitude diagram is discussed later (Sec. 12) 
certain other characteristics of Draco would indicate 
that it belongs to group II. 

For Draco and w Centauri the hatched area in the 
histograms represents variables with variable amplitude. 
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In w Centauri the count is not as complete for the 
variables as in Draco..In Draco half the 21 type 
variables with periods less than 0458 show instabilit 
for those with periods longer than 0.58 about one-thi 
are unstable. 


11. DISTANCE 


At present there is a twofold uncertainty in t 
distance modulus to the Draco system. One is t 
present indication that the absolute magnitude of R 
Lyrae variables is fainter than zero magnitude, but # 
exact value is still undetermined, and the other is th 
the absolute luminosity of the variables may not be t 
same in each cluster. Neither of these uncertainties ¢ 
be resolved by this study of Draco. 

The mean magnitude of the mean intensity for Dra 
is B=20™48 on the revised sequence used for the cole 
magnitude diagram. There is no positive evidence f 
reddening in the system and if the RR Lyrae stz 
have M,=0.0, the distance to the system is 124 700° 
and the diameter is 1740 pc; but if the absolute ma 
nitude were as faint as +1.0, then the distance is on 
78 700 pe and the diameter is 1100 pc. This represer 
a 23% uncertainty in the distance. However, it shoy 
even for the nearest distance, that the Draco system 
over 10 times as large as a typical globular cluster, t 
diameter of both being defined by the limit of t 
variable stars. 


12. COLOR-MAGNITUDE DIAGRAM 


The photographic plates measured for the col 
magnitude diagram are listed in Table XI. As in t 
case of the variable star sequence of Table II each pla 
was reduced to the standard scale and means take 
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Fic. 26. Period-frequency histogram for Draco, M3, and w C 
tauri. Black area represents stable type @ variables, hatched a1 
unstable type a, and white area, type c variables. 


VARIABLES 


TaBLe XI. Plates measured for the C-M diagram. 


Exposure 
i Plates Year minutes Emulsion Filter 
My 
| Photographic 
| PH-1403-B 1956 20 103a0 GG 13 
i 1406 1956 20 103a0 GG 13 
1413 1956 20 103a0 GG 13 
936 1954 30 103a0 GGi 
_ Photovisual 
i PH-788-B 1953 90 103aD GG il 
i) 965 1954 60 103aD GG 11 
: 972 1954 60 103aD GG li 
1473 1956 30 103aD GG 11 


‘te secondary standards were not used in the reduc- 
ons. PH-1413-B was found to be very different from 
ite other two plates due to astigmatism in the 200-inch 
\irror ; the measures were discarded and PH-934-B was 
ibstituted. It was chosen because it had been used in 
eriving the original standard scale and was known to 
ave a flat field. The GG 1 filter is not on the B,V 
ystem; however, since most of the stars are probably 
f type F or redder, the difference in the filters is imma- 
arial. Its effect on the horizontal branch was checked 
nd found not to be systematic. 

Because of varying amounts of astigmatism there 
till remained some systematic residuals between the 
lates in certain areas; therefore, the stars were cor- 
ected by the mean residuals in each sector. The value 
f the mean derived from the corrected scale readings 
if the three plates remains essentially the same, but the 
esiduals from the means are smaller and each plate has 
nore nearly the correct value. This final mean scale 
eading was then converted to magnitudes. 

The measures of each photovisual plate were reduced 
o the mean of PH-965-B and PH-972-B, which were 
ery similar to each other. PH-788-B looked excellent 
ut it proved to have systematic troubles across the 
late due to uneven emulsion. PH-1473-B suffered from 
onsiderable astigmatism; therefore, the stars in one 
ection were not measured. The residuals of both plates 
re large. Again the reduced values of each plate were 
orrected by the average residual in each sector and the 
mean taken of the four plates, but the values of 
>H-788-B were given only one-half weight. As in the 
ase of the photographic values, the corrections do not 
nake much difference to the mean values, but make the 
esiduals smaller. 

The magnitude sequence that was used to reduce the 
yhotometer readings for the C-M diagram has been 
evised from that used in Table II for the variable 
tars. This is because Arp was interested in verifying 
he colors of some of the stars on the giant branch and 
year the variable-star gap and made photoelectric 
neasures on 10 additional stars. The new measures 
how that magnitudes to about B=19.50 and V=18.50 
ire correct but that fainter magnitudes show some 
ystematic differences that are bigger for the photo- 
visual than for the photographic magnitudes. In the 
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earlier photoelectric measures more weight had been 
given to sequence stars N, Q, and S than to Q1, for 
they seemed to agree better among themselves; but 
now it appears that Q1 was closer to the correct value 
and the others have been given lower weight in drawing 
the revised reduction curves. 

Table XII gives the derivation of the 1961 version 
of the standard sequence used for the color-magnitude 
diagram of Draco. The revision is based on the addition 
of Arp’s recent photoelectric measures of sequence stars 
plus six of his new stars. Column 1 uses the same desig- 
nations as used in Table II and the six new stars are 
given their C-M number of Table C. The derivation of 
the revised B magnitudes is based on the original 
photometer measures reduced by the mean of the photo- 
electric measures of 1959, Arp’s new values of 1960, 
and the photographically transferred measures of M13, 
columns 3, 4, and 5. The values of the 1961 adopted 
sequence, as read from the various reduction curves, 
are given in column 6. 

The derivations of the photovisual sequence is given 
in columns 7 to 11. Column 7 gives the photometer scale 
readings based on the mean measures of the photo- 
visual plates PH-1458, 1466, and 1473-B reduced to 
PH-1466-B. Column 8 lists the photoelectric measures 
of Arp, Baum, and Sandage made in 1959, and column 
9 gives the 1960 photoelectric measures of Arp. The 
magnitudes of column 10 are based on the photographi- 
cally transferred measures of the M13 sequence to 
Draco derived in the same manner as described for the 
B magnitudes for the standard sequence for variable 
stars. The plates measured were PH-1457, 1465, and 
1472-B, which were paired with the plates used for 
column 7. The 1961 adopted magnitudes of column 
11 are the averages of the magnitudes read from the 
photoelectric reduction curves and the transferred 
sequence from M13. Column 12 lists the B—V values. 

The magnitudes fainter than B=21™0 are based on 
the photographically transferred magnitudes from the 
M13 sequence and are approximately correct, because 
the M13 transferred sequence given in column 5 agrees 
well with the photoelectric values of Draco. The mag- 
nitudes fainter than V=20.0, column 10, are not as 
reliable but it is hoped that additional faint photoelectric 
standards will be obtained in the next observing season 
and if revisions are necessary they will be given in a 
later paper. 

The four other stars measured by Arp were not 
included in the sequence because the two on the giant 
branch may be variable, though this has not been 
proved, and the other two stars were measured on a 
night of doubtful photoelectric quality. 

The size of the area measured for the color-magnitude 
diagram, Plate IV, is smaller than that measured for 
variable stars and its center is slightly shifted. Baade 
revised his estimate of the center of the system after 
the search for variables had been made. Originally all 
the stars out to a radius of 6/18” were measured and 
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TABLE XII. Standard sequence for C-M diagram. 


B 

Photoelectric 

1959 
3 


Arp 1960 


20.19 s 
20.38 ab 


N<xx<e< cuAa“97 


Vv 
Photoelectric 
1959 Arp 1960 
8 9 


15.304 


16.12 as 


15.29 


16.11 


19.58 s 
19.43 ab 


Coloeal Sequence star designation, letters same as in Table II and Plate III, numbers from Table C. 
2,7  Photometer scale reading derived from measures of "standard plates" in Table | and photovisual 


plates in Table 11. : “ 


used see Table I. 


the area divided into four rings of equal areas, but as 
the astigmatism increased the errors also increased, and 
it was not practical to use the secondary standards for 
reducing the photometer measures to magnitudes for 
the C-M diagram. Therefore, the outer ring has been 
dropped and only the stars in the three inner rings, 
radius=5'26”, are listed in Table C and plotted in the 
color-magnitude diagram in Fig. 27. Stars to the limiting 
magnitude of 21.20 in V or 22.10 in B are given in 
Table C but are plotted only to V=20™5, except for 
two stars to the blue side of the variable gap. 

This color-magnitude diagram of the dwarf galaxy 
in Draco is very similar to that of a globular cluster. 


8 Photoelectric measures made by Arp, Baum, Sandage in 1958. 
9 Photoelectric measures made by Arp in 1959 and 1960. 
10 Magnitudes derived from photographic transfer of photoelectric sequences in M 13 (For plates 


Adopted 1961 magnitudes used for the color magnitude diagram. 


It shows a weak red-giant branch, the reddest star h 
a B—V of +1.56 and a V of 16™98, and there is 
horizontal branch with a gap for the variables. Unfe 
tunately, even if the sequences were good to faint 
magnitudes the observations do not go faint enough 
show the turnoff point from the main sequence. Wh 
this Draco diagram does show is a true distribution 
the number and brightness of the stars for the ar 
measured, which is about 5% of the Draco system 
0.26 square degrees, as every star in the area w 
measured, except for a very few stars close to others 
not seen because of the large area occupied by a brig 
foreground star. 
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Piate IV. Stars measured for C-M diagram. 200-inch photovisual plate. 


Taste XUI. Schematic color-magnitude diagram. As is characteristic of globular clusters, the fainter 
side of the giant branch is sharply defined and the 

No. of No. of : = ; : : ; 
stars V av.” stars V ji scatter is on the brighter side. In fact, the bright side 


~ seems to be more heavily populated than usually found 


of Se a 2 Ree 8 in globular clusters. Table XIII gives the schematic 
7 17°32 1.28 39 19.87 0.75 diagram which has been drawn in Fig. 27. The height 
: ie eH ie ree es of the giant branch at B—V=+1.40 above the hori- 
10 18.74 . 1.04 ; j : zontal branch is V=3™00, which would indicate that 
= ps . i ~ eke ne Draco is metal poor and more like a group II globular 

: : 5 : 


27 cluster (Sandage and Wallerstein 1960). 


oo 


ba ce. ee & . . The distribution of stars along the horizontal branch 
Ae 19-66 1.09 is 12 stars to the blue side of the Hertzsprung gap, 78 
“49: gs 0.98 variables in the area measured for the C-M diagram, 
31 18.71 0.90 and 83 stars on the red side of the gap. The red hori- 
; ea io zontal branch is harder to define than the blue side, 


but as the blue side covers from 0 to 0.3 in B—V the 
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red- branch has been considered to be from -++0.47 to 
+0.80 and from 19750 to 20720. 

Table XIV gives the above data for Draco in per- 
centages compared to M3 and w Centauri. It is apparent 
that Draco has the weakest blue branch of the three 
objects, the richness of its variables is comparable to 
M3 and its red side is the strongest. w Centauri is the 
opposite in its distribution and seems to be relatively 
poor in variables (Belserene 1956b). M3 is inter- 
mediate between Draco and w Centauri on both its 
blue and red branches. 


13. LUMINOSITY FUNCTION 


In deriving the luminosity curves for Draco, all the 
stars that were originally measured for the C-M diagram 
out to a radius of 6'18’’ have been used. The count is 
listed in Table XV and is plotted in visual light in 
Fig. 28 as a solid black line to V=21™0 and as a dotted 
line for fainter values. Figure 29 gives the luminosity 
curve in photographic light. The last faint counts in 
both figures have been extrapolated from the count of 


TABLE XIV. Distribution of stars (percentages). 


Horizontal branch 


Blue Variables Red 
Draco 7 45 48 
M3 30 47 23 
@ Centauri 84 12 4 


SWOPE 


B-V 
Fic. 27. Color-magnitude diagram for Draco. 


the center ring that were originally measured to th 
plate limit. The stars that are apparently field star: 
have not been included and they were omitted on the 
basis of their location in the C-M diagram. The tota 
number of field stars corresponds roughly with th 
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Fic, 28. Fic, 29, 


Fic. 28. Luminosity function in photovisual light. Solid curvy 
represents Draco (dotted portion extrapolated), dashed curv 
represents M3, (Sandage 1954, reduced for comparison). 

Fic. 29. Luminosity function in photographic light, same d¢ 
scription as for Fig. 28. 
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TABLE XV. Luminosity function. 


i Number of stars V Number of stars B 
Magnitude All Draco All Draco 
| Absolute Apparent stars Field e(Mv) N(M») stars Field g(Mz) N(Mz) 
| 
1553 1 1 
5 2 Z 
| 7 1 1 
9 3 3 1 1 
16.1 6 6 i} 1 
3 4 4 1 1 
5 2 2 2 2 
7 6 6 2 2 
—3.0 9 8 3 5 5 4 4 
—2.8 i fel th 4 3 8 5 5 
2.6 3 11 4 7 15 4 4 
2.4 5 9 2 7 22 3 3 
AD 7 10 4 6 28 3 3 
—2.0 9 13 3 10 38 3 3 
—1.8 18.1 23 4 19 57 3 3 
1.6 3 11 2 9 60 9 t 5 5 
1.4 5 26 2 22 88 15 6 9 14 
1.2 7 22 2 20 108 9 0 9 23 
—1.0 9 20 4 16 124 16 7 9 32 
—0.8 19.1 33 4 29 153 20 2 18 50 
0.6 3 32 7 25 178 22 2 20 70 
0.4 5 61 5 56 234 19 3 16 86 
—0)2 7 75 10 65 299 26 3 23 109 
0.0 9 218 8 210 509 15 0 15 124 
+0.2 20.1 57 7 50 559 38 4 34 158 
0.4 3 58) 6 47 606 160 7 153 311 
0.6 5 42 3 39 645 97 2 95 406 
0.8 7 56 4 52 697 63 4 59 465 
+1.0 9 54 il 53 750 S1 4 47 512 
+1.2 Pale 61: 61 811: 59 3 56 568 
1.4 3 70: 70 881: 50 6 44 612 
1.6 5 84 10 74 686 
1.8 7 95 9 86 772 
+2.0 pil) 125% 8: 117: 889: 


‘numbers of expected field stars in this area of the sky 
taken from Seares’ and van Rhijn’s tables (1925) 
adjusted for recent magnitudes of the selected area 
(Baum unpublished) but as this number is also only 
approximate it has not been listed. __ 

The luminosity curve of Draco has been compared 
with that of M3 (Sandage 1954) which is plotted as a 
dashed line in Figs. 28 and 29. M3 involved more stars, 
‘so the number has been reduced by a factor of 0.57 to 
‘make the curves more nearly equivalent to Draco. This 
factor 0.57 is a compromise; in Fig. 28 the reduction for 
M3 is not large enough, and in Fig. 29 the reduction is 
a little too large. In photovisual light the curve for M3 
is very similar to that for Draco; but in Fig. 29 in 
photographic light the differences between the systems 
are more marked. Figure 29 shows that Draco has a 
bluer giant branch than M3 and that the variables are 
fainter relative to it. If Draco is reddened by 0™1, 
which is unlikely, as Draco’s galactic latitude is +34°, 
then it-would bring the peaks representing the hori- 
zontal branches together in Fig. 29; but the differences 
in the giant branches of the two systems become more 
marked. 


14. SUMMARY 


Classification of globular clusters into various groups 
has been a popular sport since Oosterhoff began it in 
1939, and it is remarkable that there seems to be a 
clear division into two sequences for many of the 
observed parameters. Probably the most fundamental 
divisions should be and is based on metal abundance 
and age (Sandage and Wallerstein, 1960). The height 
of the giant branch above the horizontal branch and the 
ultraviolet color excess give some clues as to metal 
abundance. The hard-to-observe breakoff point from 
the main sequence gives a clue as to age. The other 
characteristics of globular clusters relating to the 
variable stars and the distribution of the stars across 
the horizontal branch are easier to observe. They also 
divide the globular clusters into two distinct groups, 
but unfortunately they are not necessarily the same 
groups as determined above. At present it is still 
uncertain how the properties of the RR Lyrae stars are 
related to age and chemical composition. 

Throughout this paper Draco has been compared to 
the globular clusters M3 and w Centauri. They were 
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Taste A. Eighty-five variables less than 5’40’’ from center. 


JD V7 v8 Vil Vv 12 V 13 V 16 VI7 Vi19 
2, 430, 000+ Mag. Phase Mag. Phase Mag. Phase Mag. Phase Mag. Phase Mag. Phase Mag. Phase Mag. Phase 
4596. 700 19297, tak 20:71)” 3229 20.26 .003 20,99 .214 20.42 .304 20.03 .120 20.68 .170 20.75 .108 
-740 20513)" 5395 hh Sich .35 060 -87 284 Lh ey 19.89 .184 19.84 .236 JO ald 
781 -28 .262 293: earl -26 119 +96 = =.355 19.79 455 20.01 .250 19.82 .305 -58 .236 
.814 42.315 -70 429 45.166 -40  .412 205%) 517; 320° 303 19.98  .360 -61  . 288 
4597. 687 378. | «fed SA -51 .418 eA eed 21,01 .144 -78 .700 20.83 .819 +24 .670) 
eee EM Brat) +29 .02 -64 475 -88 996 20.84 .219 59 .764 -68 .886 tiO9) ~ aera 
+768 -83  . 857 - - «77 «534 -99 067 20.65 .295 -68 .829 LE aces. -40  .79%8 
. 800 -80 .908 20.65 .160 20.81 .580 “98 5123 19:72) «355 +73; - +880) +70 .008 44.849 
4598. 679 339) 2d28 19.58 .703 19.88 .840 13.648 21,039) 998: -09 .287 =26: .476 +62  .240 
780 66 .491 19.99 .881 20.13 . 984 62 823 20.81 .181 -45  .449 +64 645 -58 .400 
4599. 677 20.76 .940 20.71 .456 BP OFA 20.98 .379 -95 =. 853 -69 .884 20.68 .144 39 =.820 
744 19.96: ,048 -64:  .573 45.366 19.65 .496 2950 9.978 ES Sell 19,88 .256 +62 .925 
-761 20.03 .076 -56  . 603 45 39k 19,82 .525 -95 009 69)" O19) -85 .284 Pr jt 
-799 19.88 .137 .01: .670 +49 445 19.94 .591 -82 .080 -21 .080 19.87 348 «83 ) 3013 
4600. 675 20.70 .553 .74 208 -73 ~.701 20:85) aT Se arab -50 .481 20,88 .811 20.69 .399 
767 -77 ~.702 75.369 s09% 383s Boo 1271 89 .884 paanid 629 37D) OS 19.82 .545 
4601. 681 27 178 ~30 974 40 143 68 .856 29 =~. 588 20.00. .091 35 =. 492 20.56 .991 
731 35. 258 44 062 32 215 20.94 .943 50.687 19. 83 171 +45 .576 63 070: 
763 51 310 51 118 50 .260 21503. 999 75 740 20,00 .222 44. .629 70 121 
795 52.362 20.65 .174 58 .306 20.96 .054 20.87 .800 09 = =.274 69 =. 683 20.78 172 
4602. 684 67.799 19.46 735 58. 581 02 «£595 19577) 457. 70.696 20.75 168 19.97" vasa 
779 -63 952 20.01 902 él 717 20.45 .760 20. 42 634 68 848 19.89  .327 20.22 729; 
4625, 694 20.68 974 53 134 53 560 19.67 .518 19.64 341 57) 208 20.57 613 4S 947 
739 19.99 046 63) 3213 20.49 625 19.95 .596 19.71 425 5] 590 20.64 .688 20.68 .068 
4626. 686 20.70 .576 01 =.875 19.85 982 20.81 238 20.76 189 12 106 19.82  .270 19.93 .567 
735 70 «655 36. 961 20.10 .052 -88 .324 84, 28] 18 184 20.09 .352 20.14 .644 
4627. 682 04 185 74.624 46.410 20.84 966 94 046 75 700 20.75 934 75 14 
728* - - - - 48 475 21.03 046 - - 64 773 - - - - 
4628. 672* > - - - 51 828 20.13 684 - - +26 .283 - - - - 
-732* - - - - 04 915 «35 4789. - - -57 380 - - -50 .805 
4629. 676 20.45: .407 20.56 .125 wat eee 20.15 .426 20.64 .762 -64 .890 19,85 .266 +64 .299 
«732* - - t - +38 =.349 19.61 .524 - - 64 980 = - 20.62 .388 
4633. 680* - - = - -04 007 21.03 .373 - - BAN REA = - 19.94 ° .636 
.729* - - a - 44.077 19.67 458 = - BOT) ers = - 20.42 .714 
4634, 670* - - = - -54  .426 21.12 .090 7 - +70 =. 882 - - 370) e208 
.725* - - iz - 20.42 .505 - - - - 20.70 .970 = - 20.64 .290 
4896. 950 20.27. .215 20.71 .378 20,64 .352 20.88 .133 20.90 .880 20.69 .600 20.94 .827 20.58 .313 
4900. 889 P72 578 +71 .294 +24 997 -78 .967 B70) 222 +64 904 -07 408 19.82 .548 
921 -75 630 -47 350 +39, 043 -87: .023 -81:  .281 =80  . 955 -15 . 461 19.90 .598 
4923. 734 -64  _. 487 -71 402 20,29 .741 +13 .602 SAY ie -48 463 -42 .578 20.26 .705 
812 3750) s Qld. +62 541] 19.85 .854 39 740 .87  .945 J6l, oa? -65  .710 -51 . 830; 
~851 +76 .676 20.63 .608 19.96 - .909 -62  .805 795 016 -63  .650 AG PE) +56 .890 
- 883 .67 .728 19.96 .664 20.13 .955 -63  .861 -94 075 cif = A) 20.89 .827 -64 .940 
4924. 745 oth rel 2O 20.65 .177 ne She tea Sea 20.84 .356 -48 .682 -30 =. 081 19.6305 9.267, 7 305 
- 827 ng2eei2oa -80 | 5322 -50 .308 19.91 .499 20.83 .835 07.212 20.12 .404 20.26 .434 
- 88] -49 = 340 -69 416 ~69 385 20:13) 7.59) 21.09 .936 -10 .298 +38 6494 19.86 .520 
4925.726 273) ~-2705 2105) 900 -64  .596 -87. .059 19.98. 510 -69 .650 88 906 20.45 .857 
810 64. BAT 32 047 20.64 .717 89 =. 204 20,45 667 62 785 69 =. 046 -60 .990- 
879 63 953 71 168 19.99 .815 99 = .324 88: .795 64.895 20.82 .162 75 099 
- 923 21) 7 s023 -68 .246 20.00 .879 -41 . 400 20.82 .877 -68 .966 ies ere 200m Ow 
4926. 708 45.292 20.74 624 +26 =. 004 -49 762 19.76 .340 307, 232 20.34 .547 20.57 .412 
817 54. 468 19.71 815 35 160 20.81 .950 20.04 .544 Sy 06 TB ya729) 19.98 .584 
871 70; 555 20, 08 910 9 a237. 21.07 .044 ~35 644 68 =. 483 27 aes 20.26 .669 
916 70 .628 35 989 59 = .302 20.78 .122 62.728 58 .555 96 895 26 «741 
4929. 883 20.51 .421 62.198 20.30 .554 CA ny ed) 20.94 .258 21 303 +89 852 20.25  .436 
4930. 864* = - - 19. 88 960 > - = - SS - = - = - 
4931. 864 = - = - 20.70 .394 20,45 708 21.11: .950 49.473 20.82 .161 19.93 572 
4932. 869* = - = - 20.00 .834 = - = - 20.13 ..081 7 - ms = 
4981. 669 19.88  .087 45 119 539/79. 21.06: .116 20.68 .771 19.95" 2.175 N9I97; 376 20.62 .398 
770 20.25 250 66 296 19 O24 ss 20589 9 292 21.07 .959 20%32 9 37. 20. 46 545 19.94 .558 
4983. 663 45 .308 20.61 620 65 .637 EMERY G5yA} 19.84 .488 45.366 -68 707 19.88 .554 
748 64 445 19.81 769 20,50 .758 20,42 .724 20.48 .646 58 ’.502 -81 849 20.20 .689 
785 67 505 20.04 .834 19:97" 811 48.788 20557 red 1S -68 .560 20.91 .911 Bh ehh 
A984. 664 89 926 66 .377 20.29 .072 he) acsLe 19552) 75353, 77 =. 967 19.98  .380 -70 138 
-730 20.19 .032 65 .4%3 -39 = 167 20.40 .430 19. 83 476 32 073 20.39 .490 -61 .24 
789 19.95 128 70.597 46 .251 19.56 .530 20.21 586 ~10 167 -54 .589 -81 336 
4985. 665 20.71 543 5B) 721135 54.507 20.98 .049 20.88 .218 -64  .569 +78 .052 -34 | 5228 
742 83 667 62 .270 71 617 Ae ole 19.51 362 -65 .692 20.68 .181 42 845 
783 +88 .733 +71 342 20.68 .676 -94 «254 19.74 .438 +62 .758 19.74 249 SE ated 
4986. 670 07 .166 Be ake 1997 S47: “49.792 20,96 .092 20.00 .177 20.74 .731 64.313 
-718 27° 244 +25 983 19.97 .016 +71 =.876 -82  . 181 +19 254 -78 812 +67 389 
5009, 659* = - = - 20.00 .897 ts - = - -62  .966 a = = = 
683 -53 .346 -84 308 19.88 .931 +37 720 ~99 981 +86 .004 +70. 181 39 «6. 736 
-700* aS - 19.76 .956 +48 749 - - - - - = - = 
5010. 649 -87  .907 +42. 999 20.32 .316 20,80 .3%6 APE Pat | +62 .550 +88 795 57.265 
- 689 ces aber! 20.47 .069 +40 .374 19.62 .464 -77 856 20.62 .615 -77 =. 862 -70 .328 
5011.641 -63:  .510 19.62 . 741 «78 2738 21.038 .116 -45 .630 19.88 .138 +34. 453 +40 835 
699 20.77 .604 19.91 .843 20.45 .821 20.89 .217 20.62 ,738 19.98 .231 20.46 .550 20,57 .927 


* Eye estimate, 


chosen because there are marked differences between to be harder to place in any sequence and they appeé 
them and yet they both have many variable stars. M3 to be the reverse of each other. Because of a larg 
is typical of clusters with relatively strong metal ultraviolet color excess found by Arp (1961) for Drac 
abundance, but both Draco and w Centauri have proved and the height of its giant branch of V=3™0, Drac 
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| TABLE A (continued) 
| 
q 
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JD Vv 20 V2i V 24 V 25 V27 V 30 V 32 V3 
2,430, 000+ Mag Phase Mag. Phase Mag, Phase Mag. = Phase Mag Phase Mag Phase Mag. Phase Mag. Phase 
i 4596. 700 20.76 .129 20.76 .249 20.51 .107 . 20.65 .246 19.81 916 20.29 inp 20.15 .269 20.64 «146 
| .740 73 «(4193 76 321 10) 417] 19.85 .317 80 968 07 175 31 34] IT teat 
| .781 -63 .260 -82  .394 08 = .235 20.03 .390 195925. 022 19.240 53 415 69 278 

.814 -68 .313 ahd 453 -09 .288 20.08 .449 20.00 .065 26 292 20.58 .475 sor 332 
4597. 687 wlOy cA2l 31 010 59 =. 669 21.03 003 -t) 2208 96 =.679 19.37 057 8 761 
aaa? -16 .785 45.082 64.732 20. 94 074 -19° 260 95 742 +65 130 -08 ,827 

- 768 4% 852 +64 155 eye AeA 94 147 32.314 87 807 19.91 .204 .32 894 

~ 800 48 £903 20.63 .212 20.69 .847 96 = =.204 38 8 .356 87 858 20.01 262 -60 946 
4598. 679 58 .321 19.64 780 19.96 .238 eee Oars) 39 =. 506 35 254 20.77 .875 53 =. 085 
- 780 21.484 20.27 .960 20.27 .398 88 .948 20.35 .638 49 414 19.23 .038 58 550 
4599. 677 50 «6. %1 62 560 -61 .817 31. 54S 19.99 .812 70 =. 839 20.77 664 46 018 
744 -62 .039 53 679 64 923 64 664 80 900 94 945 -68 785 SEZ Bike} 

761 49 = 066 20.01 710 «67.950 82 .694 84 922 95 972 -68 816 +64 £155 
799 20.81: .127 19.49 .778 83 010 20.68 .762 19. 88 972 81 032 -77 =. 885 20.81 218 
4600, 675 19.80 .541 20. 84 340 24 3% 19.91 321 20.04 .118 50 423 51.472 19.76 652 
767 19.94 .690 +70 .504 42. .541 20.20 485 BE es) 75 569 -78 .639 20.15 805 
4601.68) 20.78 .163 63 135 62 987 88 .112 43 145 87 021 29° 296 73 299 
-731 73 243 neal eee -69 .066 95 201 42.500 38 .100 45.386 70 .379 
7683 -68 .295 87 .281 weds Sus 20.68 .258 ~34 = =.542 21 15] 49° AAA 62 433 
795 49° 347 -82 .338 14.167 19.96 .315 48.584 10 202 20.62 502 77 =~. 485 
4602. 684 ors 781 1] 1934 54 574 20.87 .897 20.40 .747 81 613 19.52 113 32.941 
.779 61.934 58 092 -62 724 20.96 .067 19.87.87] 89 764 20.27 .286 65 047 
4525. 594 44 895 16 967 -87 .974 21.11 .857 9 859 iD 151 -88 .811 20.35 606 
.739 59. 968 20.34 047 61 046 21.02 .%7 19.73 .918 15 223 68 «6893 19.57 680 
4626. 685 20.14 .495 ITS 787. 38 8.544 20.49 °.623 20.10 .157 98 726 #9 609 20. 82 230 
735 19.72 .574 19.83 .824 48  .62) 20.70 .710 32° 222 98 .804 -76 698 8 .310 
4627. 682 20.65 .102 20.65 .513 20.32 . 119 19.96 .395 35 =. 46) 24 308 45 414 07 =. 860 
.728* -64 .176 nod) 2 O95) 2 - = - = - cS - 20.70 .497 50 935 
4628. 672* 13° £699 - - = - = - = - = - 19.98 .208 70 479 
. 732* 42 - .795 = - = - = - - - > - 20.29 .317 35~=«w 579 
4629. 676 76 «6.318 .38 = .070 19.97 .274 20.94 .945 20.00 .070 20.59 .474 19.10 .028 64 124 
. 732° +70 .408 -32 134 = - = - - - = - 19.65 .128 20.62 215 
4633. 680° -26 .776 -83 .230 = - cs - mt - = - 20.19 .28 19.76 .678 
ava” -35 = 855 77 =. 284 - - = - = - - - 20.35 372 19.83 .758 
4634, 670° -64 374 13.996 = - ce) - = - = - 19, 52 078 20.57 .299 
«7a5° 20.57 462 20.26 .059 - - = - = - - - USeAN aves 20.75 389 
4896. 950 20.86 .426 19.91 .822 20,58 088 20.64 .706 19.83 .838 20.77 +.878 20.42 .381 20.22 625 
4900, 889 SI area 19.88 .849 -04 319 -67 .718 ~86 993 20.10 .133 Feo Gers 49 072 
-921 20.40 .8&1 20.00 .906 e22 .a70 20.68 .775 SO: 035 19.96 184 -94 .577 62 125 
4923. 734 +9. 81 629 RPO Oe, «34. 459 19.% .38 -75 889 20.46 409 20.78 .920 76 468 
813 20.24 737 19.54 .740 53 .584 20,49 .524 -82 993 88 504 19.57  .063 20. 42 597 

851 32.818 50 =. 808 3B 644 sol Ole 19. 96 043 77 595 83 .132 19.90 .659 

883 -42 869 19, 83 865 64 694 20.64 .649 20.05 084 20.77 645 19.97 190 19.83 712 
4924, 745 76  .260 20.75 .402 .80 .058 21.09 .182 ee ale 21.04 014 20.69 .752 20.50 .123 
827 Oe), Laon -62 .549 20.00 188 19.88 .329 30) 2320 20. 23 144 72 900 81 257 

881 -48 .478 -84 645 20.00 273 20.07. .425 38 =. 388 16 230 13 999 20.68 .345 

4925. 726 -32 «=. 841 59 152 54 .610 oo aee 44 4% 65 572 62 530 19,90 728 
810 eh SES -% .302 65 .74 -83 .079 -45  .606 69 705 82 .68 20.24 866 
.879 .75 088 9 425 68 .852 = - 54.6% - - 73 ~=~«. 807 44 979 
923 soe) WASP. 20.83 504 -68 .922 24 280 a2 er oe 70 =. 885 -76 886 59 051 

| 4926.708 20.82 .425 19.98 . 904. 15, .163 -63 677 20.29 .781 16 «2187 24 ~=«.310 76 336 
-817 19.79 =. 601 20.51 .098 -09 .336 87 =. 871 19.83 .924 34 304 62 =.507 82 514 
871 20.03 .688 38 (195 34 421 88 .967 Seal ao “4 390 77 604 20.57 604 
+916 20,24 .760 -84  .275 35 492 20.91 .047 95 054 57 461 20. 80 686 19.75 676 

4929. 883 19.81 547 +70 567 -1l . 186 19.99 .328 19.81 .936 12 173 19.65 063 20.70 533 

4930. 864* - - - - = - i - - ~ = = = = = = 

493.1. 864 20.13 .741 53.101 14 320 20.95 .855 20.39 .528 38 318 20.64 653 19. 94 776 

4932. 869* - - = - = - = - = - = = = mS = = 

4981. 669 76 =. 076 16. . 941 «40 109 35.510 20, 48 706 51 404 20.76 909 20,68 .302 

+770 sin wan? | 121 -07  .269 -69 .690 19.88 .838 75 564 19.57 091 63 467 
4983. 663 +65 .2%3 64 498 20.00 263 .89 .059 20.27 315 68 570 20.77 .562 70 =. 566 
748 -8 .40 20.71 .649 .29 398 -9% .210 -40  .427 83.705 84 676 13 705 
785 26 489 19.89 .717 .38 456 24 276 51.475 84 .764 87 743 08 765 
4984, 564 54.907 20.69 .283 re 847 92 = B41 42, .625 10 159 34 = 336 70 204 
.730 09, O12 -71 =~. 401 <67 «951 84 959 ee eral 19.264 -58 .456 69 .312 
789 20.75 .109 75 505 76 044 88 064 20.15 .789 38 358 20.81 .563 78 .409 
4985. 665 TH9F, 522: 34 069 +27 ~.430 53 623 19.76 .935 83 749 ibeye Say kd 16 .88 
742 19.80 646 58 207 54 552 81 760 19.98 .036 87 871 20.21 .289 -32 969 
- 783 20.15... 742 20.75 .280 et Fd 94 833 20.08 .090 84 936 42.364 48 036 
4986.670 75 114 19.89 861 62 020 20.00 412 o2e 2250 35 345 20.24 .971 -62 488 
.718 -69 220 20.21 .947 -60 0% 20,27 497 27 —««314 49 421 19.32 .058 72 566 

5009. 659° = - 19.76 .868 = - = - = = ES = = = = - 
683 wwe, «ads 20.04 .911 38 426 19.88 .376 +35 366 76 887 20.95 676 60 .158 

= - <2i MI i = = - = = 5 = bs = o 

5010. 649 ie te tet 70 = .634 -60 .954 20.95 .095 -40 .630 50 421 44.426 08 739 
. 49 £886 12 .705 -70 .017 20.94 .167 20.49 683 -53 .485 64 AD 21 804 
5011.641 -77 42) 69 404 -42 523 21.03 862 19.71 928 94.9% 07 224 68 343 
699 20.01 .514 20.70 .508 20.53 .615 21.03 965 19. 84 004 20.51 088 20.32 .329 20.63 4538 


may haye a lower metal abundance than any globular median period of 0¢630. However, all other charac- 
cluster so far observed. Its median period of 0%611 for _ teristics of Draco’s variables and the distribution of 
type a variables would also suggest that its variables _ stars across the horizontal branch are more like M3 and 
ure like those of metal-poor clusters with an average — the metal-richer clusters. 
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TABLE A (continued) 


JD V 34 V 35 V 36 V 37 V 38 V 39 Vv 40 v4i 
2, 430, 000+ Mag, Phase Mag. = Phase Mag Phase Mag Phase Mag, Phase Mag. —— Phase Mag. Phase Mag. — Phase 
4596. 700 20.70 .284 19.88 .218 20.15 .119 19.97 .262 20.14 .126 20.16) "21: 20.60 .136 20.62 209 
.740 20.10 .357 20.07 .288 19.41 .183 20.22 .334 35 2191 oy...) -68 .200 -69 .278 
781 19.85 .433 31 «= 6.059 -60 .249 -40 .408 Beye vhf -49 360 Ae el7/ 99 § 349 
814 20.00 .4%3 34 416 19.75 = .301 20.50 .468 59 310 -51 «418 -83 4321 +21 .406 
4597. 687 -62 .095 <0) 93D 20.60 .697 19.78 .042 -64  .714 o7a 988 PAVE AZ A 183 91S 
.727 .70 .168 87,004 -68 .761 -36 114 -68 779 -13° 008 19.90 802 5 ~86 .984 
768 -62  .243 309.076; -63 =. 827 .67 188 83 845 -07 .079 20.20 .868 94 = 055 
. 800 70 =.302 aM tO 20.63 .878 19.88 .246 46 896 14 «135 <2) 3920 83.110 
4598. 679 PN ArAls: -80 .661 19.71 .283 20.86 .831 42 2311 -60 .665 -78 346 015 5629; 
- 780 -64 .100 -77 836 20.03 .445 42.013 -69 473 72 «841 sae 1010 251 60g 
4599. 677 -40  .745 44.397 -50 .879 76 .631 ee RATS 43.403 -25 966 20.70 .353 
744 -63 868 -60  .513 -57 =. 986 SYOn Nehae 20.00 .024 -58 .520 -58 .074 19.79 469 
.761 -60 .900 72.548 -68 .013 20.94 .782 “19.96 .052 253, 2550 -49 .102 77 | 498 
799 -84 .969 = - -67  .074 21.03 .851 20.21 .113 77: .616 29) aloe 19.91 564 
4600. 675 «Id 576 ~10" ..133 +25 474 20.35 .430 -80 .522 -13 141 -83 .585 20.99 .077 © 
- 767 20.45 .745 Bi ee Sree -58 .621 20.64 .5% -57  .670 __..34; .302 PE ie are 21,04 .236 
4601. 681 19.91 .422 -84 .883 20.67 .083 19.90 .244 -20 .141 75. .8%3 309 aly 20.64 .816 — 
«731 19.94 .513 -81 .970 19.61 .163 20.16 .335 _ 229, 222 -39 = .980 -f0' 5293 -81  . 902 
763 20.03 .572 as2, 2025 «41. .214 rt {paw C7) .50 .273 -04 = .036 -96 .350 5O2) ain 
795 18.631 -77 ~~. 081 19.79 .265 20.53 .450 346 .325 BON nO92 -91 =, 402 20.96 .012 
4602. 684 20.70 .262 off aOas 20.67 .686 19.74) .\053 KTR hes) -77  =.640 -07 .844 19.82 .548 
.779 19,90 .436 OS). er Pe O97) eee 19°73" 9225 -30 .908 58 , .806 SOO) ae 20.45 .712 
4625. 694 19.88 .473 -69 .656 2) «6s AS 20.72 .549 -62 .780 S20) ep vae 2ON i ere <91 - 5302 
- 739 20.20 .556 o61 «734 See. DAT: sana O30 72 =. 853 wor ies O ~64  .247 81.380 
4626, 686 20.64 .29%3 -38 381 20.76 .061 309 2338 -64  .377 39 440 -03 .784 94 016 
735 19.96 .383 57 466 19.95) ploy 20.38 .426 20.56 .456 5691 NapeD -24 .863 -89 =, 101 
4627. 682 20.69 .121 -46—(«Wd'74 20.53 .653 19.67 .134 1991 979 Si rare! -65 ,400 42 «7 
. 728* - - 26 2 194 - - AGT serive 20.00 .053 130. i254 «59 =. 458 ce = 
4628. 672* - - = - - - 20.94 .919 3/0, 572 -62 .898 = = - = 
«foam vie - 64 941 - - 09 .028 -59 .669 +42 .003 = = - = 
4629. 676 20.45 .779 oie Oa 20.72 .841 263° ~~. 730 -27 . 188 -72 ~~. 647 A sh) 20.99 .182 
Tone - - 77 680 = - 70: .831 -48 .278 ~62 .744 -48 .709 - - 
4633. 680* - - -53 .548 s Sad 64; .950 -64 .631 -70 .620 “.57 148 - c 
.729* - - 209 Wide = - -06 .039 .70 .710 Ribs ed i~) SOD aioe - - 
4634, 670* - - +26 .270 = - OF sae -26 .224 35.344 Bb ee?) - = 
afin” - - 20.11 .366 a - 20.68 .834 20,35 .312 20.45 .440 20,09 .809 - - 
4896. 950 20.81 .0% 20.70 .533 19.60 .159 20.58 .718 20.34 .259 19.73. 104 20.70 .246 20.75 .951 
4900, 889 sOvi eO1y, 42.385 20.21 .456 -68 .821 SIE. wOoe 20.69 .964 81 .637 48 = 756 
74 20.00 .377 -48 441 .25  .508 POO eee -72 .648 -09 020 sao Gee -51 .811 
4923. 734 ALP ares} +38 = .126 BAe SAI 20.19 .019 -40 .357 .76 4749 39, | ee, 94.226 
813 20.01 .373 +22 «264 20.38 .107 19.79 .161 -69 .484 «77.886 307" eer, 20.87 .362 
- 85] 19.74 .443 “26 «330 19.46 .168 19.95  .230 +65 .545 “70 oe -1l .888 19.96 .428' | 
. 883 19.81 .501 -42  =.386 TS SNy ace, 20.14 .287 BLS SIA £77) 80) -35 .940 19.67 _,483 
4924, 745 20.77 =. 083 -76 885 20.53 .597 -70 .842 -02 .984 -68 .509 283 6339 20.98 .973 
- 827 7Ie | 2a0 -62 ,028 Ol Ae? 20.49 .990 AeA wet tile +82 .652 -69 .472 94 «4114 
- 881 -68 332 -40 .122 20.68 .815 19.67  .087 32 © .202 -78 .74 -76  .559 88 =. 208 
4925. 726 -59 882 Oe tea) 19.45 .166 20.68 .611 -84 .562 07 aes +20) =. 930 25 667 
- 810 -76 036 265) 51738 19.79 .300 70) > 3202, -68 .697 38 =.364 34 =, 067 51.813 
.879 -82 . 161 81 858 20.19 .410 94 .887 -88 .808 -59 .484 BO2- Ist 92 nee 
923 -69 244 .70 .934 +20 .481 -69 .966 -65  .879 -72 ~~. 561 +68 .250 +95 008 
4926. 708 -32 684 v2)" 4300 -60 .736 +26 .382 +26 .142 20.75 .928 -76 524 20.83 .364 
-817 -69 884 .59 .490 -59 .910 -81 .578 49° = .318 19.85 .118 20.58 .700 19.76 553" 
871 64 983 -63 .584 58 4997 -65 .676 = - 20.15 .212 19.97 vane 20,13 .646 
916 77 065 +64 .662 -69 068 20.76 .757 -68  .477 sar 2290 20.07 .861 37 724 
4929. 883 -O1 =. 508 -70 = .823 s77. B12 19.63 .108 43 «2251 .63  .457 262.9 1-675) 77 850 
4930, 864* - - - 3 - = = = = ~ Se = ra = =a} 
4931. 864 20.68 .142 22.269 49.979 20.76  .680 156.439 76.907 14> .889 80.272 
4982. 869* a ee Bs Sates te ea oe Se So pe cae ad eae 
4981. 669 19.94 .510 183° 910 342.607 46.4% .76 .580 84 642 20.69 ~ .690 20.81 .323 
-770 20.34 .695 -81 =, 086 -69 .769 * 20.76 .678 -69 .742 20.63 .818 19.85 .854 19.46 .497 
4983. 663 EY HS} 19° = 6376 63.795 19.81 092° -68 ,788 19.88 115 20.09 .925 20.45 .768 
-748 20.58 .324 238) 526) 58 =.933 19.98 .245 20.13 .925 20.21. 263 +39 =. 063 772. owls 
«785 19.80 .391 20.68 .591 ey atc al 20.21 .312 19.94 .985 56 9 .327 54 123 20.83 .979 
4984, 664 20.75 .004 19.84 .120 01 396 64 .897 20.55 .399 +70 .858 -78 549 19.45 .495 
. 730 3109. = 125 19.79 .235 Seah ae at | 20.44: .016 64 505 20:59 «973 84 656 20.07 .609 
- 789 363° 233 20,10 .337 -45 .597 - 19,85 .123 20.82 .600 19.88 .075 Hose Arby 28 «A711 
4985. 665 -59 840 9 .861 aol) 3996 20.62 .702 19.82 .010 20.76 .601 -62 4178 +89  .226 
«742 +68 ,982 +89 = 995 20.01 .119 +51 841 20-11 £134 -88 .736 10 298 20.95 .357 
783 ROLe a ODL: -81 066 19.41 .185 60 .915 -32 =. 200 -67 807 20.81 .365 19.85 ,428 
4986.670 29 =. 684 -83 .610 20.49 .603 251 4 515 «72 = 627 46 352 19,85 .804 20.81 .962 
718 +42 .772 82 .693 -57 . 680 -60 .602 -67 «704 62 .435 19.90 .882 91.044 
5009. 659* - - -62 .601 - - 48° 2971 - - = - 20.48 .100 = - 
- 683 -68 .901 -75 64 -07 .396 +22, «015 81 .657 20.63 .429 col (2139 38 .720 
- 700* - - +62 .673 - - 09 045 = - = - Pe a 7 se - 
5010. 649 -34 673 -32 ©1023 +64 941 »68 3757 S27 wale Usa ol 20.60 .706 20.49 .389 
689 20.50 .747 -40 .393 -53  . 004 -76 829 42 .276 20.04 .181 19395; e720 19,83 ,459 
5011.641 19.91 .4%3 -58 .049 hd aly 40 545 -68 .808 ohh — ost) 20.81 .315° ~~ 20.84 +=. 102 
699 20.12 .600 20.15 .150 20.49 .620 20.53 .651 20.32 .901 20.77 .940 20.82 .420 20.81 .203 


In contrast, w Centauri, from the data based on its and 1959), the first not on the B—V system and the 
RR Lyrae stars, appears to be more like M92 and M15 __ second far from the center of the cluster where theré 
that are metal poor. However, from two inconclusive were few giants, it would appear that the AV betweer 
color-magnitude diagrams by Mrs. Belserene (1956a its giant and horizontal branch is small and therefor 
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i TABLE A (continued) 


JD V4 Vv 44 V 63 V 65 V 68 v7i V72 V 74 
| 2,430, 000+ Mag Phase Mag Phase Mag Phase Mag Phase Mag Phase Mag Phase Mag Phase Mag Phase 
| 4596. 700 20.24 .160 20.19 121 20.68 146 20.72 188 20. 40 135 20.82 .126 20.57 «719 20.21 183 
| 740 19.76 226 29 185 83 212 78 256 45 200 77 ~.190 20.34 817 45 .250 
78) 19.87 .294 -63 251 SEL 70h} -82 .324 58 266 77 =. 256 19.98 918 SI 320 
814 20.04 .348 -42: 304 SUR Gees 5O9n es oe2 20.53 .320 76 .310 19.85 999 68 .375 
| 4597. 687 +75 795 -65  .702 Zoi 3703 ai}? 864 19. 86 735 22.714 20.16 144 20.51 .851 
.727 -63  .861 -26  .767 .37  .828 26 931 19.85 800 32 «778 19.242 19.48 bare} 
768 64 929 13.832 46 895 43 001 20.13 866 49.844 23 342 57. 987 
| 800 60 982 -13° «884 57 948 57 055 11 918 53.896 23 421 19.79 042 
4598. 679 as 438 Doves 291 91 387 20, 83 547 46 343 64 311 60 .580 20.70 .527 
780 49.605 -64 453 42 552 19, 73 719 73 507 46.473 63 828 65 698 
4599. 677 20,60 091 12 889 57 021 20.78 241 16 961 SI 917 22 031 26 =. 213 
744 19.95 202 B20F 5997, 72 131 75 355 34 069 65.025 32 196 Sia ole 
761 85 .230 09 024 75 159 64.384 45 097 65.052 ~42 238 59 2355 
799 19.83: .293 -29 .085 20.69 .221 70 .448 49 158 - - 44.331 20.81 .419 
4600. 675 20.63 745 70 488 19,97 .656 25 935 20.45 .578 1455-522 40 .483 19.70 .900 
767 ~62 897 -76 .636 20.32 806 20.60 .091 19.94 .728 21 670 20.70 .709 19.74 .055 
4601. 681 12. .411 Om Ol -78 .30 19.98 643 20.54 .210 81.14] 19.84 .954 20.70 .600 
73) 32 494 35 =. 180 20. 82 385 74.728 49a 25) 84 .222 19.81 076 69 =. 684 
763 27 547 49.231 21.07 438 19. 86 782 45 343 76 =. 273 20.01 155 53 738 
795 25 .600 53 282 20.75 .490 20. 03 836 so9 3395 89 324 09 =. 234 76 792 
4602. 684 20.70 .073 -84 .706 51 946 76 «345 01 836 43) 5755 32.417 5ST 296 
779 19572 .230 08 858 76 101 70 .507 20 990 52h 708: 20.48 .650 64.456 
4625. 694 97 191 -58 .564 08 .620 81 404 42 140 38 =.781 UEZAD oe! 32) 218) 
739 19.71 .266 58 636 cll 702 63 481 20.44 .213 50 .853 19.72 045 24 °.256 
4625. 686 20.53: .834 27m 153 273 253 57 —-. 088 19.63 748 80 .377 20.24 371 20.32 857 
735 89 =. 916 24.231 68 = .334 20.69 172 20.00 .827 46.456 44.49] 19.56 .940 
4627. 682 23 484 20.68 .748 45.884 19.87 .779 59. .363 69.979 63.877 20.76 .540 
728* -50 .561 19.94 ,822 - = = - - = - - 42 .%30 - - 
4628. 672* 20.45 .124 20. 53 334 - - - - - - - - 36.249 - - 
732* 19.65 .224 #6) 430 - - - - - - - - chy, aes - - 
4629.676 20.55 788 13 942 20. 87 150 20.72 163 20.38 .595 20.81 188 62 715 19.58 .911 
732* 70 .880 20, 00 031 - - - - 19.65 .670 - - 35 = 852 - - 
4633, 680* +26 .421 64.356 - = = - - - - - 48 .550 - - 
729* 26 = .502 62.434 - - - - - - = = 42 .670 - - 
4634. 670* <J7 061 20.00 .942 - - - - 19.57 .708 - - 41 981 - - 
Pe ys 2O;2R Loz 20.00 .030 - - = - = - - - 20.32 .116 - = 
4896. 950 20.30 .554 20.35 .062 20.41 .851 20.09 .847 20.01 .900 20.81 .258 20.15 .1% 20.78 .590 
4900. 889 et 2. 079: Se MEEYA $6752 301 -70  . 534 SO9ne 206 195935) 5597. 19.91 .864 ~35 «246 
-921 -64 132 -87 422 .75: 354 -64 .589 49.338 20.12 .648 79.947 51 301 
4923. 734 -67  .924 ~03: .964 307-2713 -81 312 Soe 322 3/8. 357, -85 .980 20.39 .854 
813 69 055 OmeraOOL -37 842 -76 446 44. 449 -27 484 19.92 .174 (AGL = acy 
851 67.118 -44 152 50 .904 273) ~ -510 46 «.511 02 «545 20.02 .268 19.85 .052 
~ 883 04 .171 -46 203 Beh © AeAY/ 387) 005 Ce sees! 05 «=.5% 16.346 20.07 106 
4924, 745 54 1599 -68 .584 v7 G69, 50 028 29 960 87 =. 983 51 463 ATK 562 
-827 wO9 3780 -42:  .715 20.76 .503 .70 167 49.093 78 115 54 665 -68 .701 
- 881 20.81 .824 -01  .802 eASEL aGGr 20.86 .259 50 181 20.83 .202 44.797 <O9) = 6792 
4925.726 19.80 .224 24 155 20.64 .975 19.58 693 20.38 .552 1959912562 51 873 225) 3220 
-810 20.03 .363 -48 .290 eve ai’) 19. 96 835 19.57 .688 20.22 .697 29 =~. 079 60 .362 
.879 sop (3 A777 1.68) .399. «95: .226 20. 42 953 19. 96 800 -55 808 24 =~. 249 81 478 
+923 a8) | 2050) -58 .471 20.81 .298 Sel ner ZZ 20.10 .871 64.879 3] 357 20.73 553 
4926, 708 64 .851 -26 .728 19.83 .584 77.360 ait 144 77 142 .02 285 19.97 880 
817 54 .031 313) 2.903 20.25 .762 +84 546 +50 .320 -81  .318 -60 .553 19.85 065 
-871 20.67 .121 e200» 87 37 851 20.12 .637 55 408 .76 404 -57 685 20.16 156 
916 19599: 3195 Roe OO! 57 «924 19.72 714 -45  .481 34.477 20.57 .796 -24 232 
4929. 883 20.70 .110 .03 .814 ~24: .784 19,79  .750 +62 .291 76 =. 251 19.87 .083 40.246 
4930. 864* - - 59 385 - - - - - - - - 20.53 .4%3 - - 
4931. 864 BS) = 3 o92 +21 1987 -76 .028 20.75 .112 -49 = 502 20.70 .439 +24, 9A9 7a «£593 
4932. 869* - - SO D97. - - - - - - - - -35 =. 418 - - 
4981. 669 302 2099. 20.49 .765 B0se 59) 19.94 ,654 -50 .246 19.99  .580 .09 280 20. 62 761 
.770 20.70 .066 19.99 .926 +27 .756 20.03 .826 50 .410 20.34 .742 50 .528 19. 43 34 
4983, 663 19.95 .202 20.08 .958 anal < leery 7) 51 039 -39 =. 479 42.788 29 178 20.11 131 
748 19.95 .343 +20 095 64.996 69 183 20. 03 617 -63 «925 38 =, 386 +35 275 
785 20.16 .405 +26 =. 154 -76 .056 20.77 246 19.77 .677 69 =. 985 46.477 353) 3 da77 
4984. 664 75 =. 861 62,562 20.98 .496 19.81 738 20.38 102 83.399 59 636 20.76 .822 
730 Baz. 970) -57 668 19.98 .604 20.15 - .850 50 .209 24 =. 505 65 .799 19,51 BA 
-789 75 068 13.762 20.09 .701 -34 =.950 20. 63 305 01 .600 45 943, 19.76 034 
4985. 665 Ab eye 13° «2165 AY, Be 75 .437 19.74 725 72 +.010 20.00 .095 20.81 514 
-742 51 646 eDOm. 20% -88 .261 -81 568 19.96 .850 65.134 +26 =. 284 77 = 644 
78 67 —=—««715 -68 .354 84 .329 -l1 .638 20.13 916 82 .200 39 =. 385 64 4713 
4986, 670 20.04 .184 349° .775 .24 .781 76 =.143 -39 = «354 09 ~«=.627 42.564 rea) BIE} 
.718 19279. 263 -10 852 -45  .860 75.224 20.49 .432 ~29  .704 62 .681 -44 274 
5009, 659* -65 .267 cele mete - - - - - - - - 20.00 .029 - - 
~ 683 19.95 .307 -76 .637 98 =. 468 77 .20 19.89 .663 19.657 O01 =..088 -0 .10 
-700* - - -62  .665 - - - - - - - - 03 =. 130 - - 
5010. 649 20.75 .907 13 185 82 .050 09 .846 20.50 .229 -70 212 +38 461 =59 736 
- 689 -68 .974 ~27 .249 20.77. .116 29 94 20.57 .294 ey ILS 48 .559 62.803 
5011.641 +34. 551 -55 774 19.98 ..675 -76 530 19.87 , 837 -40  .808 20.10 .897 -56 412 
699 20.48 .647 20.09 .867 20.32 .770 20.19 .628 20.13 .931 20.58 .901 19.72 .040 20.80 .510 


the cluster is not very metal poor, which fact is cor- 
roborated by Morgan’s (1956) and Kinman’s (1959) 
classifications of its spectrum as being similar to that 
of M3. 


When the period-amplitude relation was discussed in 
Sec. 8b, reference was made to Preston’s paper (1959) 
and it was mentioned that he had found a correlation 
for RR Lyrae stars between the strength of the metal 
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TABLE A (continued) 


ID V75 v7 v78 v79 v8i V 82 V 83 Vv 98 
2, 430, 000+ Mag Phase Mag. Phase Mag. Phase Mag. Phase Mag. Phase Mag. Phase Mag. Phase Mag. Phas 
4596. 700 20.50 .161 20.39 .094 20.35 .180 20.81 .145 20.09 .956 20.99 .182 20.63 20,56 «115 
.740 «55 3227; -48 1157 53 «247 -83 .210 -14 011 20.89 .249 -67 5? om 
781 s/2 3295 45.221 363° 3317 20.13 .277 -19° = £066 21.03 .319 84 -60 . 24 
.814 -63  .350 +64 .272 +09 «ase 19.90 .331 -27 =. V12 20.87 .374 20.72 322 ae 
4597. 687 399) 2798 «70. 5637. 20.02 .844 20.67 .759 42.305 -59 848 » 19.74 +26 .68) 
.727 -35  .864 -76 .700 19.73 .911 -77 =. 824 41 2359 -60 .916 19.86 3) 7h 
- 768 -24 .932 -80 .764 19.90 .981 -84 891 44 «AIS -81 . 985 20. 12 57. BIE 
. 800 +24 £985 -48 814 20,10 .035 20.95 .943 +38 =. 459 20.89 039 ~25 53. 867 
4598. 679 796 444 +46. 189 +64 516 19.84 .381 20.35 .660 19.96: .523 -50 20.32 =. 267 
780 90 611 60 347 -69 687 20.26 .546 19.88 .798 20.12 694 oF. 19.73 428 
4599. 677 a2 099 78 749 42 199 -75 = .013 20.11 023 20.95 208 4% 20.57 . 85¢ 
744 45 210 29 =. 854 62)" ~312 +64 .122 oe oti ty 21.03 5321 at) 49: 963 
76) 57.238 08 880 53.341 277 ~ 3150 45.138 20. 87 350 ~25 59° 9K 
799 -46 .301 Sik 940 20. 89 405 -87: 212 31 190 21.03 . 411 oo | 20.53: . 05! 
4600. 675 80 754 -63 309 19. 84 881 -50 .645 -50 .386 20.69 893 55 19.94 . 
767 21 .907 63 453 19, 98 036 eke Oreo 49.512 20.92 .049 95 20.19 
4601. 681 91 423 ab 881 20.73 577 20.03 .290 20.09 .76) 19,80 .592 40 -69 048 
731 81 506 09 = =.960 68 662 19.94 .372 19.93 829 20,12 .676 -58 -68 128 
763 94 559 13.010 +65 716 19.99 .424 19.83 .873 - - 59 -60 .175 
795 87 .612 24 060 -60 .770 20.11 .476 20.08 .916 54 784 #51 +60 .23¢ 
4602. 684 20 086 -70  .450 59 268 +75) eal mae) est 20.98 .285 62 +20 . 646 
779 63.244 -69 .599 84.429 -68 .087 35 =. 26) 21.03 446 89 45° 797 
4625. 694 7653 72. 425 31 061 -38 =. 561 46 565 20,94 .137 22 20.40 .294 
739 20.78 .328 -81 495 SES) weilee? 48 .635 20. 59 626 -% 213 ai 19.36 .365 
4626. 686 19.99 .899 -15 .976 81 733 -89: . 184 19.99 .920 45.812 32 20,51 .874 
735 20.07 .980 19 £053 53.816 +24, 264 20.07. .987 +82 894 +46 20.68 .952 
4627. 682 83 .551 775 «=. O88 69 =. 412 63 812 -46 .281 20.34 493 65 19.82 .460 
728* 87 .627 64 = .605 64 490 64 888 - - 19.65 .554 07 - - 
4628. 672* 11] -.193 48 .08) 13. 081 20.00 .432 = = = ~ 53 = s 
732* 50 292 Thy CAVES +32 182 29 531 = - = - +59 is - 
4629. 676 42 858 87 =. 651 20. 64 774 - 68 074 20.24: .005 20.59 .860 76 20.21: .636 
732* 19 951 -64 .738 19.81 869 “157 =. 166 - - 20. 62 4738 48 - - 
4633. 680" 87 500 130.911 20.64 .525 42.622 = “= 19.98 .639 20.19 - = 
729" 83 581 20,00 .987 70 607 BLT As Arai? = - 20.07  .685 19, 88 - = 
4634. 670* +45 .142 -57 ©6459 +26 1194 20.42 241 = = - - 20.26 - = 
-725* 20.45 .233 20.68 .545 20.53 . 286 19.81 .331 =, - - - 20, 13 = - 
4896. 950 20.45 .185 20.76 .520 20.64 .372 20,81 1174 20.11 + .128 Zl l2eelae 20.75 20.038 .323 
4900. 889 84.719 68 .679 -03 012 +40 615 39 .509 20:51) 790 +80 Gey ie. 
-921 307. 772 73 729 +38 =, 056 -60 ,667 227) (552 20.63 .844 83 +21 «1648 
4923. 734 -81 .612 +70 .3% 87.527 -78 .976 BLED) Aza h4 21.08 .362 72 -63 .982 
- 813 94 178 -77 ~=~.520 -78 .660 7.105 20.07 .825 20.25 .49%6 64 -56  .108 
+851 -60 .806 368) (579. +76 .724 -81 . 168 19.93 .877 19.74 .560 crf vin ZO” ry Gm 
- 883 -34 =. 859 -78 .629 -69 .778 i i759) 20,04 .921 19.91 614 Av 24 72 219 
4924. 745 70.289 21 «(£976 50 .231 -50 .630 31. 098 21,02 .069 .30 ~15 3592 
- 827 43 425 237s 104 -76 369 -62  .764 +34 4211 20.90 .208° 20 39 «6.7238 
- 881 78 515 42 BY: 20.94 .460 -81 852 -42 . 284 98) 29> 49 -64 ,809 
4925,726 AN ATS wf7 510 19.75 .885 -60 234 -35  .439 +26 .726 81 76 ISS 
-810 -22 .056 -75- .641 19.99  .027 20.00 .371 38 =. 553 20.48 .868 20.65 20.13 .288 
.879 - - +78 749 20.26 .14 .22 . 484 por 648) 21.08 .984 - 19.65 .398 
+923 -64  .24 -43° 818 +42 .217 -34 «556 ~ 21). 708 20.96 .058 19.83 19.84 .468 
4926. 708 -84 545 +26 045 -83 54] -78 .840 20.00 .780 21.03 .384 20. 45 20.37 719 
-817 +88 .726 OTe 21S +76 724 83 .018 20.00 .929 19.73 .568 35 -60 (892 
-87] -59 .816 - - 20.60 .815 +76 .106 -07 .003 20.16 659 53 «70: .978 
916 37.890 «755 #370 19.81 .891 -90 .180 +24 064 “1029 3739: 64 -68 .050 
4929. 883 -68 .812 sO OUP, 19.60 .893 -63  . 033 20.26 .117 - - = 50) 775 
4930. 864* - - - - - - - - - - - - 13 - = 
4931. 864 28 098 -38 =. 106 20°51) 5.233 = Dare 19.99 .824 -81  .090 29 - = 
4981. 669 -82  .709 -ll .974 -48 1199 -60 .723 19.87 .862 -95  . 183 ~22 20.51 = /255: 
.770 +42. .877 +40 .132 -68 -370, -83 .889 20.11 .000 20.89 .353 37 19.79 416 
4983. 663 Ge tO] 7. 32 «=. 092 81.56) -77 984 44 586 19.88 .549 ~32 19.76 .431 
-748 758) 1.158 049) 5225: -64 704 Om me2s «25, «702 20.16 .6%3 34 20.13 .566 
~785 POs eae -69 .283 -80 .767 Olen ES 20ND i753 se) 1755) 53 +24 625 
4984. 664 Bre BCPA -82 .657 +62 .248 48.621 19.98 .954 -91 =. 240 75 +70 =.025 
- 730 +64 786 77 760 -68 .360 BOS sire 27, 20.19 .044 94 > 351 81 65 .130 
.789 +29 884 orf ky) 20.81 .460 -83 825 ~14 125 87.451 20.81 »70  .224 
4985, 665 OE aeeT/ -48 .222 19,82 .936 20.26 .258 46.321 502) 1 19380 19.98 -22 .619 
-742 -87 . 465 x.) CL. <} 20.15 .066 19.88 .384 +31 426 20.95 .060 20.35 57 £742 
783 SAS) Ges! -84 .407 -45  .135 20.19 451 44 482 21.03 .129 54 259 Box 
4986. 670 +29 =. 004 Sor? Azer) -75 .630 ALTA oat 74 +30 694 19.90 .627 ~62 -75 .220 
-718 44 =. 084 +16. 868 -76 711 -81 980 -07_ .760 20.19 .708 68 25 298 
5009. 659* - - - - - - - - - - -64  .442 20.04 = = 
- 683 sole 6 -68 .773 75.428 PESY aee< YA 326 2132 20.32 .483 - 20.57 + .873 
- 700* os = ad = = = = = = - 19.98 eo 12 19.79 - = 
5010. 649 84 .778 62 283 Blue OD7, ZY ile “45.452 20.72 114 20.60 19.88 .411 
- 689 -46 1845 72m 345 -30 .124 78 =. 182 20.46 .506 -96 .182 63 20.00 .475 
5011. 641 -77 424 20.25 .835 -76 .729 [OS tatoo, 19.97 .807 -58 .789 81 65" 991 
-699 20.92 .520 19.99 925 20.30 .827 20.76 .834 19.95 .886 20.69 .887 20.51 20.57 084 
SS 


lines and the star’s position in the P-A diagram. He and 17 of this paper which showed a progression | 
found that with decreasing amplitude and/or increasing the mean P-A curve to the right for the three systen 
period the metallic lines grew weaker. This correlation _ of M3, Draco, and w Centauri. This comparison woul 
looked as if it could be compared to the Figs. 15, 16, suggest that the variables of M3 had the stronge: 
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TABLE A (continued) 


V 103 V 104 V 106 V 108 V 113 V 122 V 123 V 124 
Phase Mag: Phase Mag: Phase Mag Phase Mag: Phase Mag Phase Mag Phase Mag Phase 
- 154 20.60 .18 20.64 .128 20.68 .061 20.20 .228 20.25 .095 20.26 .186 20.89 .257 
-220 20.73 250 “64 193 39 122 .35 298 13 159 31 254 -88 .329 
. 288 19.82 320 49 259 +26 184 54 370 04 223 29 323 78 402 
~342 1925) .375 51 312 16 234 20.55 .428 21 275 38 4.379 76.462 

782 20.60 .850 AD 719 50 .557 19. 96 959 59.643 34 =. 859 65 030 
848 ROOMS Std; 51 784 56.618 20.07 .029 Si 3705 21 927 81 101 
916 +70 .986 62 = =.850 68 .680 16 101 77 769 26 996 89 175 
- %8 20.75 .042 49. 901 59 .728 27 157 67 820 21 051 8° 233 
-418 eee eyes 20.45 .318 64 =. 060 20.51 699 03 197 42.540 . 08 811 
- 585 20.29 .698 19.98 .481 -08 = .214 19.94 .876 32 = .355 Re ear at 20,56 .923 
- 064 20.73 .213 20.46 .927 SCTE | CET! 20.49 .450 -70 .760 Re RAT 19.82 .603 
- 174 19.83  .327 64.035 51.675 55.567 57. 865 21 344 aod tak 
~202 48.353 69 062 -64 .700 Led a 62.892 39 = .373 19.97 .754 
~ 265 19.72 .420 -62 .124 +96 .758 «15.664 FF: okey -35 = =.438 20.08 .823 
-709 20.63 .899 HW 536 -60 .086 -19 = .200 34° 323 2a. 923 76.397 
~ 861 -68 .054 51.684 3.225 20.58 .362 46 467 29 «079 69 562 
.368 3160) O99 65 156 57. 611 19°93 965 76 899 4 628 88 203 
- 450 20 683 -59 237 -60 686 20, 00 053 64 978 48 713 78 293 
5 34 737 6&3 288 53 735 07 109 62 028 34 767 81 352 
556 A Se) 40 .340 72. «78 +34 2165 27 ~=~«.078 35 821 83 409 
~ 022 20.22 .294 Sf 773 32. «131 48 724 51 470 2h aaed 45 006 
.179 19.70 .454 <Onme «926: 08 = .275 20.00 .891 60 .619 35. 488 83 176 
- 968 20.57. .174 -62  .860 -87 =. 007 -10 .086 53 516 21 322 87.336 
- 042 70.250 49.932 -60 .075 20,34 165 57. 586 21 398 76 417 
~ 604 65.850 names Oe -40 .511 19.88 826 32 070 20. 48 003 67 118 
685 81 .%33 21 =.538 -63 = .585. 19.98 .912 iW 146 19.94 .086 78 = .206 
~ 247 +07 «=. 533 -58 .064 -70 020! 20.62 .573 76 630 20.59 .691 -31 . 907 

- - - - - - - -07 654 = = 70 769 - - 

- 77 =~. 202 - - - - +26 = =.310 - - 35 369 - - 

= «13.307 - - - - 20.70 .415 - - 20.57 471 - - 
-535 -68 .902 20.49 .278 20.77 .04 19.95 .071 20.63 753 19.90 .071 20.89: .489 
- 20.77 .996 - - - - 20.13 .169 - - 19.72 166 - - 
= = = - = = = 13 ~ 094 - - 20.57 856 - — 

- = - — = - - 20.32 .180 - - 83 939 - - 

- - - - - - - 19.94 .831 - - 57 534 = = 
- - - - - - - 20.13 .927 - - 20.64 .628 - - 
-309 19.93 .515 20.77 . 062 20.12 .150 19.87 89% 20.48 .438 20.64 .020 20. 63 566 
- 804 20.50 .171 19.96 .411 35 120 -98 806 64.609 35.695 19.44 .642 
- 857 Cah weed 19.88 .462 Are! 169 19.98 .862 60 .659 20.27. .750 74.699 
479 -53 772 20.69 .232 -64 £746 20.11 878 35 395 19. 92 41] 19.56 .676 
-610 -69 =. 905 20.22 .360 +70 866 19.84 .017 SY A 20.08 .545 20.09 .818 
672 77 ~.970 19.94 .421 63.924 19.99 083 -62  .578 -20 .609 +26 =. 886 
age 20.69 .024 19.93 .473 65.972 20.11 139 59 629 .22 663 45 943 
~ 146 19.86 .480 20.69 .861 -16 .279 +75 652 73 979 53 124 20.82 .492 
- 282 20.19 619 <6? 1.993 -31 «6.40 20.11 795 py OT Lt 9 329 28 19,47 639 
+371 -46 710 20.70 .080 43° 2485 19.96 890 09 192 ~08 5355 19. 83 736 
764 57. 138 19.90 .442 -62  .766 20.32 .372 50.516 42 787 20.92 .254 
XB 20.25 .280 20.09 .578 59 .8%3 63 520 64 647 Soren 920) 70 =. 405 
016 19.55 .396 44.689 w/a 1998 51 641 72 755 65. 046 20.89 .529 
~ 089 19.77. 471 -46  .760 63. 064 20.01 718 +73 824 ey 120 19.67  .607 
. 384 20.50 .797 wen 225 ~16 254 19. 93 095 -50 .054 01 451 20,50 018 
563 -76 .981 s72ig ea DOE 32. «419 20.32 286 04 = .223 -21 6636 87.214 
653 -83 .073 -68 .288 46 .501 64.381 29 =. 308 ~38 4727 794 = 311 
-727 60 .149 +22 = «361 48 .569 59 =. 460 35. .380 48 1803 20.82 .382 
- 620 20.68 .162 -69 .14 -70 086 - - 70 028 <Ola Haak 19.81 721 
- - - - - - -— - - - - -03 . 494 - - 
- 887 19.96  .509 42.335 54.069 08 139 13 131 Bee aR ET 20.91 279 

- - - - - - - - - - - waGi See - - 
-021 20.24 665 21 610 46.558 -60 .502 11.150 49 .5%83 19.76 .739 
. 189 51.836 52 .772 -60 712 20.19 .679 34.309 68 764 20.39: .920 
-310 -65 034 -50 .824 poGe oal 19.95  .000 13 274 20.59 .972 -75 320 
451 +62 .177 60 =. 961 +65 710 20,20 .149 35 407 19.61 116 76 .473 
~512 64.240 ~62 .021 69. 766 +39 6214 39. 465 19.64 179 77 =~ 539 
«962 +42 725 20.00 .437 57 oe 20,34 755 62 =. 842 20.67 669 76 «2118 
- 070 51.837 -25 1548 19 198 19.90 .871 .78 945 64.781 76 «6.237 
. 168 20.78 .937 38 «=. 638 Sik eres 20.08 .975 5) 038 64.88] 80 .343 
~612 19.52 .417 -55 050 61 615 62.511 -39 =. 410 21 365 +34 916 
-738 19.96 .547 58 .174 “163.732 45.646 59 = .531 38.49% 59 =. 055 
+ 806 20.21 616 aah 240 +76 794 -10 = .718 +68 = 595 20.57. .565 20.72 .128 
269 -64 115 42 670 34.138 32.274 68 984 19.95 068 19.73 .721 
349 sar 5 1% 456 747 wl 2ul 51.358 38 060 19.61 150 20.08 .808 

- - - - - - - +42 599 - - 20.45 .028 - ~ 
+221 +78 000 53.762 +76 =.019 +50 641 -68 .034 20.16 088 20.69 .057 

- - - - - - - - - - - 19.85 .097 - - 
~815 +26 633 eee ih} 4 483 40.336 60 =. 548 20.58 .706 TRIS WFRe 
881 20.38 .700 +10 = £383 ~50  .544 64 406 70 =.610 57.773 20.25 .864 
.450 19.87 .309 -46 2918 75.987 20.00 .076 10 =. 102 13.387 20.45 .574 
546 19.65 .407 20.58 .011 20.62 .075 20.31 .178 20.03 .192 20,34 .485 19.52 .678 


etallic lines; that those of Draco were intermediate, would be interesting to verify the metallic-line strengths 
1d w Centauri should have the weakest metallic lines of the RR Lyrae stars in these systems by direct obser- 
all; this last does not seem to fit the conclusions — vations. 

‘awn from the other observations of w Centauri. It In comparing Draco to these clusters it is apparent 
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334 Ww. 
JD V 125 V 126 V 127 
2, 430, 000+ Mag. Phase Mag. Phase Mag. Phase 
4596. 700 20.75 .027 19.66 .181 20.50 .083 
740 -63 085 19.80 .248 58 .114 
78) -68 .146 20.08 .317 OG: ott Zo 
814 -76 194 19 = .373 WES eyes 
4597. 687 ll £475 70 = 845 -80 .539 
727 -16 .533 53 4913 Ake Beye? 
768 -26 = =.594 59 =. 982 20.00 .661 
800 .35 .641 87 =. 036 19.81 .709 
4598. 679 94 930 -48  .519 20.39 .03) 
780 20.70 .078 20.88  .689 -60 .183 
4599. 677 19.97 .394 19.62 .202 77 «533 
744 20.13 .492 20.11 .315 20.21 .634 
761 Be EVA 09 8.344 19.96 .659 
799 18 = .573 20 .408 19.88: .716 
4600. 675 -59 .858 63. 885 20.45 .035 
767 -68 993 81.041 53: +. 173 
4601. 681 20.19 334 62 =. 582 -82 549 
731 19.92 .407 63.667 20,19 + .624 
763 20.03 .454 70 =—.721 19.82: .672 
795 Se ay 20.67 .775 19.76 .720 
4602. 684 -68 .805 19.95 .274 20.57 . 058 
779 82.945 20,35 .434 20.64 .201 
4625.694 34 =. 558 20.21 .086 19.83 .682 
739 38 .624 19.61 .162 19.87 .750 
4626. 686 -63  .012 20.72 .760 20.82° 175 
735 46.084 73 =. 842 20.76 .248 
4627. 682 20.08 .473 24 =. 440 19.82 .673 
. 728* - - - - 19,88 4743 
4628. 672* - - - - 20.50 .18 
-732* - - = - 20.64 .253 
4629. 676 19. 88 399 20.78 .803 19.82 .674 
-732* = - - - 72 758 
4633. 680* - - - - -76 .699 
.729* = 2 = = 19.83 .773 
4634. 670* - - - - 20.50 .189 
-725* - - = - 20.56 .272 
4896. 950 19.97 .463 20.63 .627 20.00 .854 
4900. 889 20.60 .242 19.88 .271 19.92 .782 
2921 48 =. 289 20.14. .325 20.08 .830 
4923. 734 ES ae] 76 =. 805 .64 .158 
813 67. 869 58 .938 -80 .276 
- 851 76 .924 -77 =, 002 -62 334 
. 883 -72, =~. 971 -65 .057 20.69 .382 
4924, 745 75 + .236 53 =. 511 19.86 .679 
827 -10  .356 -67  .649 20.02 .803 
881 .04 =.435 20.76. .740 -16 =. 884 
4925.726 46.675 19.56 .165 ACSW 5) 6S 
810 48 17% 19.98  .307 -64 .28) 
879 - - 20.38 .423 73 .385 
- 923 60 .964 42.498 -68 .451 
4926. 708 69 =.116 70 =,822 -20 = .633 
817 CU G76) 75 .005 -09 .797 
871 -07 = .355 20.03 .097 .24 878 
916 -03 .421 19.81 .172 «29 5945 
4929, 883 51 .773 19.68 .177 81.410 
493.1. 864 39: 679 20.53 «519 +68, 2391 
4981.669 46 .738 38) 5527; +68 .335 
.770 -64 =, 886 Thy SEA .70  .487 
4983. 663 32.664 65 .890 -70 = .336 
. 748 +62 .788 76 =. 034 -64 462 
~ 785 -70 .843 Ol .0%6 -84 .518 
4984. 664 Lhe rest eh 57.579 ~I3 = 842 
- 730 69 = .228 -77 690 sae Al 
.789 «Zl G14 20.72 .790 -50 .030 
4985. 665 cS site) 19.88 | .267 -68 .348 
742 45.712 20:27 = 2397 -76 464 
783 300°" 5772 -50 .466 -83 .525 
4986. 670 -59 .074 63 «£963: -19° 861 
.718 -69 =, 144 -54 .048 Ayah yey 
5009. 659* - - - - - - 
- 683 247) WeiGo 76 =. 780 .77 489 
700* - - - - - - 
5010. 649 70 =, 248 27-—« 409 +29 69483 
689 Skee khtyé -53. 477 46 =.003 
5011. 641 49° 6704 20.20 .082 - = 
699 20.68 .789 19.71 .180 20.78 .523 


TABLE A (continued) 


V 129 V 132 V 133 V 135 V 138 


Mag. Phase Mag. — Phase Mag. = Phase Mag. = Phase Mag. hc 
19.80 186 20.49 105 20.75 .147 20.45. 109 20.50 015, 
76.254 .62 . 168 .70 .213 Ls Pe ci be: 21 dae 
19.88 .323 70.233 83.280 372, e237 -16 .1324 
20.13 .379 -88 285 ele ee 72.289 -14 180; 
.84 859 -76  .664 -19 .766 76.672 -18 | .445) 
.81 .927 .16 .727 -12 .831 20.25  .735 16.508! 
87.99% 09 .792 «+. .40 898 19.73 .800 34.563] 
.75:  .050 .01 .842 32.951 19.75 .851 34 609 
44 540 62.230 76.392 20.59 243 49 BBA 
20.81 .711 .65  .390 55 .557 20.65 .403 +24. 030 
19.79 .231 07: .806 34.028 19.74 .824 -27 330 
20.16 345 13.912 4 138 20.11: .930 26-47 
Se geyZ! 21.939 .67 2166 08 = .957 -34 452) 
48: . 438 42.999 20.63 .228 32.017 57.507 || 
-69 923 76.382 19.83 . .664 -87 404 -50 777 
72.079 75: .527 «20.14. B15 .83  .550 94 M1 
173) 627 35.971 W730 A318 .21 0.997 -03 236 
-69 712 31050 64.395 49.077 .19 .309 
.83 .766 -38 .100 59.448 45.127 -20 .355 
.83 .821 59.151 63.500 a Y:) -45 402 
.07  .328 84.554 48.958 82.586 57 .690 
.39 489 44.704 20.53 113 15.736 56.828 
ste s25 09 «887 19.88  .680 31.029 16.047 | 
.32 402 31.958 20.22 754 .35 .100 12> Sie 
-84- .006 76.453 .56 .307 20.67 .600 19.485 | 
.62 .090 68: .531 49 387 21.11: .678 53.556 | 
72.694 39.025 129.939 20.67 .178 59.929 | 
.59 «772 - - 42: .015 - - -42 981 | 
13; 372 - - 20.48 562 - = 3 <2 
.39 474 = 19.76  .661 - = = =| 
-84  .074 20.75 174 20.76  .208 20.87 .336 75.820 | 
SIS B70 - = .64 300 - = 53 oe 
.68  .860 = 13 2772 - - 48.641 
.70 .943 - - .48 853 = -42 .680 5} 
39.538 = .70 . .3% = = 32.074 
20.53.41 - = 20.70 . 486 2 - 20.29 .125 
20.77 .050 20.59 200 20.53 .377 20.95 .645 20.10 .287 
.88 .728 7a 420 .04 .835 19.94 883 50 .97 
.90 .783 .83 471 26.887 20.13 .934 34.044 
49.544 58.492 83.287 -50  .065 20.27 .116 
.64 577 .84 616 81: .417 56.190 19.97 .230 
-59 642 46.676 .68 479 64.250 20.07 .285 
72.6% B25 727, .84 .531 76 .301 Re ee 
.08  . 157 49.088 48.944 20.9%  .666 .34 582 
-20 2% +72 .218 -54 .079 19.66 796 48.700 
.31 388 .78 .308 65 167 19.90 .882 .72. .779 
.69  .820 76.637 20.78  .553 20.60 .220 20.75 . 004 
170.962 -10 770 19.67 .690 75.353 19.99 .125 
32: .079 .13 .879 e = 84 462 20.20 .225 
-14 2153 .25° .948 20.31 .876 20.65 .532 17. 2269 
54.484 57.188 64163 19.77.75 .22 don 
-81 668 75  .360 60.341 20,01 .948 46.585! 
= = 60.445 65.430 135.033 75 664 | 
63.836 73.516 68 = .504 20.46 . 105 .65  .729)) | 
.62 B64 .63 .201 83.368 19.77: .804 - - 7] 
20.00: .222 .88 .329 116.615 20.13 .941 .50 .9020n 
77.632 1% .971 172.266 19.66 822 20.00 .104 
9  .803 48.131 64.431 20.12 .982 19 25Tee 
20.88 .011 .45  .120 20.64 535 13.980 20.42.95 
19.80  .155 .68  .254 19.88  .674 42.115 19.90 .118 
19.58 .218 75.312 19.92 .735 -49° 174 20.04 .172 > 
20.76 .708 .35  .700 20.63 .176 64,566 .31 £446 
89: 820 03° 805 .70  .284 .88 670 59.542 - 
87.920 .10  .898 .64  .381 20.00 .763 .73 627 
-14 . 404 59.281 .09 817 46.151 .82  .897 
48.535 .62  .402 .31 943 .68 .273 35.009 
.75  .604 20.64 467 .48  .010 87.338 -19 .068 
20.62 .107 19.99 868 .57 .464 20.07 .743 -16 354 
19.45 189 20.22. 944 68.543 19.68 819 -38 424 
- - - - - - - = .62 .681 
20.35 .110 65.205 70 .192 20.55 191 276) eae 
- - - - - - - - -59 TAI 
.77 .748 20.16 .731 .10 .776 20.45 .721 .10 117 
.65 815 19.99 .794 13.841 19.77 .784 14.175 
234.429 20.59 .297 .64  .402 20.84 .292 .57 .555 
20.51 .527 20.63  .388 20.64 .497 20.83 .384 20.59 639 


that the dwarf galaxy is similar to a globular cluster 
but that it has small differences which make it hard 
to classify. We have seen that it is probably metal poor, 
and therefore that it should resemble M92, M2, and 


others which are also metal poor, but most of Draco’s 
other characteristics seem to be more like those of 
globular clusters that have a relatively richer metal 
abundance, such as M3, M5, and others. These charac- 
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; TABLE A (continued) 
é| 
ID V 141 V 144 V 147 V 148 V 151 V 152 V 158 V 160 
2, 430, 000+ Mag. Phase Mag. _—— Phase Mag Phase Mag Phase Mag Phase Mag Phase Mag. Phase Mag Phase 
4596, 700 19.64 .777 20.64 .189 20.50 .192 20.59 .038 20.89 .128 20.64 .117 20.53 069 20.43 .088 
740 -64 .821 .83 256 -64 .260 -60 .098 75.192 20.11.18] 58.131 29.151 
' 781 .73 867 .87 326 64.330 68.158 87.258 19.88 247 59.198 D7 2l4 
814 37.903 20.89 .382 20.70 .386 62.207 81.311 19.85 .299 53.244 35.266 
4597. 687 -66  .872 19.78 .865 19.58 .872 08 = =.502 57.718 20.63 .692 .08 578 57.623 
.727 Be 1 917. 19.97 .933 19.80 .940 10.562 56.782 77.755 16.639 56.685 
768 19.06 .962 20.32 .002 20.03 .010 19.623 68 =. 848 69.830 10.701 .62 .749 
B}| 800 18.89 . 988 .34 057 19.065 32.670 68 .900 20.68 .871 20 .750 64.799 
| 4598. 679 18.86 .972 81.552 70.561 59.974 20.82 .316 19.90 .273 45: .09%3 21.165 
+780 19.18 086 1A 2721 49.733 ey! 19.91 479 20.14 .434 59.248 32.322 
4599. 677 +24 .081 -82  .244 58 .260 1.454 20.62 .924 59.865 20.00: .618 née C717 
74h .31.156 .89 .358 68 374 21.554 81.032 50.972 14.720 68.821 
.76) 33.175 -89 .386 .67 408 21.579 82 .059 68 999 14 746 67.848 
799 97° L217 -78 .451 20.75  . 468 39.635 20.83 .120 77.060 21.804 82 907 
4600. 675 43.189 +26 939 19.86  .960 57.935 19.98  .532 22.457 67.142 26.269 
.767 - - -45 095 20.27. .117 .59 071 20.39 .680 45: . 604 60.283 48.412 
4601.68) 59 305 -94 647 60 .672 140 5427, -78 .153 .68  .062 07 «679 68.833 
731 -61 .361 20.11 .732 20.07 .758 -08 .501 77.233 20.50 141 15.758 75.911 
.763 69.397 19.79 788 19.55 .812 22.549 81.285 19.96 .192 39.805 58.961 
795 B72. °2432 19.72 .840 19.65  .867 18.59% 89 336 20.00 .244 .35 854 60 .010 
4602. 684 .67 419 20.99 .350 20.70 .380 -58 915 .57  .768 59.662 48.212 .38 3% 
779 19.88 .525 73 «.51 -69  .542 62.056 Bi) akee 81.813 59.357 53.541 
4625. 694 18.84  .961 .96 425 -70 558 81.048 76.841 09 366 64.366 20.03 .171 
-739 89.011 .75  .501 .57 634 .59 115 20.75 .913 13.438 64.435 19.98 .241 
4626, 686 18.96 062 49: 109 60 .247 -08 520 19.96 .439 62: .949 .29 882 20.70 .714 
.735 19.22 .116 20.70 .192 20.46  .330 -25  .592 20.00 .518 78 .027 39.957 .81  .790 
4827. 682 .25° .168 19.48  .800 19.99  .943 68.997 .75 044 34. .538 68 403 16.262 
.728* - - 19.74  .879 20.09 021 - - -53 118 -70 .610 - - - - 
4628. 672* - - 20.68 . 483 -70 629 - - 35.640 - - - - - = 
732* - - -68  .585 70 .731 - - 48.735 - - - - - - 
4629..676 19.60 .381 .57 .187 -64  .338 20.63  .955 77.257 20.60 .718 20.69 450 26 © .363 
. .732* - - .75 282 -59 433 - - -81 348 - - - - = - 
4633. 680* - - -25 986 -32 2156 - - -48 708 ~ = - - 59.573 
, 729" - - .25  .070 .70  .239 - - .53 .787 - - - - 70.666 
4634. 670* - - 20.83 .667 20.07 .841 = = .75  .308 = - - - 19.88 .128 
.725* - - 19.75 .761 19.94: .934 - - 20.45 .392 - - - - 19.94 212 
4896. 950 19.16 .066 20.25 .525 20.64 .412 20.12 .429 20.53 .875 20.64 .060 20.27. .791 20.69 .947 
4900. 889 .61 .439 20.07 .220 .25° 119 563) £272 62.222 203.344 .24 809 68 072 
| 921 70 .474 19.50  .274 .57 175 -45  .320 Tae 273 15.395 22 = ~.858 40.121 
| 4923.734 -69  .798 20.70 .049 -10  .016 -59 .161 87 .029 -76 .785 1.712 64.598 
813 .60 .886 .75  .184 -38 © .150 .64 278 87: .155 59.911 26.832 64.716 
.851 19.08 928 20.09 .248 40.215 ESB 394 re aA .57 .972 .35.891 65.775 
. 883 18.93 .964 19.43 .303 46.269 -29 .382 .72 .268 59.023 -40  .940 -72 825 
| $924,745 19.17 .920 20.81 .768 20.57 .738 -38 = 660 34.657 25.398 59.257 15.165 
827 18.86 .001 -96 907 19.99 .878 48.782 56.789 34.529 .60 382 -19° .293 
-881 19.10  ..061 20.98 .999 20.01 .970 49.862 68 .876 58.615 59 464 269 #3777 
4925.726 18.87 .009 19.95 .435 .68 408 57.15 .75  .238 -53 .962 .19 £755 64.691 
| -810 19.14 .102 20.34 578 -58 = 551 53.240 49.373 20.50 .097 .22 .884 62.821 
.879 le lres .77 695 -69 669 42.342 - - 19.87  .207 49.989 - = 
74] O70 2207) -82 .770 .50  .744 .22 408 12.555 19.88  .277 -51 055 64.997 
4926. 708 +18 2099 20.91 104 -19 080 .19 572 51.820 20.45 .529 59.256 12.218 
817 a7) 220 19.53 .290 346.266 43.734 -81 995 73 © .708 51.422 .40  .387 
.871 46.280 19.88 361 +70 ,358 .63 .814 82 .082 75.789 20.19 .505 .50 .471 
916 .55  .330 20.07 . 458 .75 435 .60 881 8 155 .69  .861 19.97 .573 -53 541 
4929. 883 78 .6B -32 .501 20.62 . 486 63.282 8 .935 45: 598 - - .22 2155 
4930. 864* - - .63 168 = - - - - - - - - - - - 
4931. 864 .76  .822 - - 19.98:  .859 62.221 82.127 20.67 .753 20.60 .133 22.235 
4932. 869 = 2 45.576 = = = 2 - - - - - - - - 
4981. 669 -16 .108 -29° .521 20.72 659 57.101 64 .370 19.89 .200 .59 | 225 50 .677 
.770 .36 220 -69 .6% 19.79  .850 63.251 04 =. 533 20.11 .361 - 65.834 
4983. 663 -52 .321 -70 --.911 20.20 .054 63.059 15.583 13. .381 53.271 62.77 
748 -66 415 .75 055 -57 .198 -64 . 185 .59 .720 39.517 .58 . 401 65.909 
-785 .71 456 .68 .118 20.63 261 .68 .240 .51 .779 .50  .576 34.458 70 .967 
4984. 664 .67 433 42.612 19.92 .759 -15 2544 +76 .1% 70 .977 .22  .801 21.333 
+730 .77 508 -68 .712 19.85 871 31.642 5788 e302 76.083 .38 ©. 902 31.436 
.789 -78  .571 20.87 .812 20.04 .972 40 .730 32.397 10.177 44.992 50 .528 
4985. 665 .75 544 19.76 .314 .60 463 62.029 53.809 50.574 53.330 57.870 
-742 -76  .630 20.09 .444 59.595 .60 .143 .75  .933 68 .697 32.448 .62 .010 
: .81  .675 .34 514 .75 664 64.204 .87  .999 .68 .763 14.510 57.073 
4986. 670 .79 659 -64  .022 -49° 174 13.520 20.13 .428 20.14 177 -29 866 .31 0.453 
-718 <BI) 712 64.10 .62 .257 22.591 19.96  .506 19.81 .254 .31 939 45.527 
5009. 683 .39 205 53.137 .87  .357 34.657 19.98. 505 20.76 886 48.025 12.236 
5010. 649 .51 .278 .68 779 08 = =.001 -59 .090 20.84 061 .25 .427 .29° 501 67.738 
689 54.323 20.81 .847 -22 .070 59.150 .70  .126 .38 2491 -26  .562 20.73 .800 
5011. 641 .61  .378 19.98  .465 20.75 691 12.562 .32  .660 .73 .010 -57 .016 19.97  .280 
699 19.65 .443 20.34 .564 19.47 .790 20.25 .648 20.50 .753 20.60 .102 20.49: .105 20.14 .370 


teristics are the strong predominance of type a over 
type c variables, the sharp peak of the period-frequency 
histogram of Fig. 26, and the distribution of stars 
across the horizontal branch. In fact, this last charac- 


teristic would seem to put Draco between M3 and 47 
Tucanae (Wildey 1961), for it has a weaker blue branch 
than any globular cluster containing variables so far 
observed, except for 47 Tucanae, which has only two 
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TABLE A (continued) 
JD Vv 161 V 162 Vv 163 Vv 164 V 165 Vv 169 Vv 170 VI7iy i} 
2, 430, 000+ Mag. Phase Mag. Phase Mag, Phase Mag. = Phose Mag. = Phase Mag. Phase Mag. Phase Mag. Phas} 
4596. 700 20.21 .126 20.76 .126 20.94 .249 20. 53 121 20.67 .979 20.22 .736 20.07 19.55.95 I ; 
-740 -32 .19 -59 .19 -83 .320 44.185 fa «092 50 .835 +20 19.64 .2341 
781 53: -.256 -64  .256 -89 .393 -83 .250 +87 .208 -58 . 937 +56 19.94  .302\) 
-814 49.310 -69 .309 +88 .452 82 .303 81.301 +82 019 48 20.03 .357}, 
4597, 687 -80. .714 -20:. .713 21.02 .010 62.701 48 .769 -72 ~. 184 +70 .65 B13] 
-727 84 .779 -45 .778 20.82 .081 20.04 .765 57 —. 882 -38 8.283 -62 64 48 1 a 
.768 75 - .845 57.844 282. 158 19.94  .830 73.998 19.385 15 i | 
- 800 26 «=.896 -45 895 -83 211 19.91 .882 -82 .088 19 464 ~04 64 + 002), 
4598. 679 60 .310 -75 .309 -48: .780 20.81 .289 “19 =.573 ~15 - .645 -23 ~22 ~~. 468i) 
- 780 89 .472 04 «=. 471 -70 .960 20.94 .450 42 .858 -35  =.896 = 20.57. 636)) 
4599. 677 Tl £916 57: .914 -21  .560 19.98 .886 +76 .394 =o) 120 -43 19.61 . 1325 
744 12 .024 -68 .022 11.680 20.38 .994 =29 | .500 -59 .286 -42 +72 .2hs 
-761 15: .050 -83 049 -27 .710 -31 =. 02T -25 .631 20.53 .328 <oe . 60 27210 
were 13.112 20.63 110 sa2) 798 -31 082 site 2739 19.88 .422 -10 19.96  .3367}, 
4600. 675 78 «521 19.87 .519 -86 .341 86 .484 -83  .216 20.26 .5% +21 20. 68 7% ; 
- 767 64 «669 20.22 .667 70 .505 77 oak 45.476 -63  .824 -26 -51 4 ' 
4601. 681 32 =. 140 69 .137 -88 = .135 49.095 ~f0 0597 -78 .091 +42 +25 
-731 45 .220 63 .218 -84 225 51 2175 -64 = .201 787.215 51 -38 «=. 557 
-763 42. .272 -58 .269 Tes | ate -82_ 226 =o oat -87 .294 48 -40 611 |) 
BT b= 57.323 -81 = .321 +94 -.339 -64 277 3/5 cue -60 .374 4 20.60 .664 | 
4602. 684 GE) STS -32  .750 oF  .925 20.75 .700 +32. 895 RS RET HY ~26 19.62 .147 
-779 22) 3 906 -58  .9 -9 .094 19.77 .852 -62 .168 Bi at -38 19.93 +36 | 
4625. 694 64 + .773 -31 =. 760 -82 9 .977 20.65 .537 -77 942 saan late 35 20.27 521 |i 
-739 -82  .845 Be} eet. coun) ear -81 .609 -73 069 310.765 -13 20.48 .5% | 
4626. 686 -70 .3%9 -64 .355 -08 .747 soo) eo wot cada 73 ~«.114 51 19.83 175} 
-735 20.64: .448 19° £434 46 834 Sh ae 45.886 -68 .236 50 20.00 .257 
4627. 682 19.89 .971 oe Sar 20.60 .524 <0 «tae 20.03 .562 -20 .584 +29 46.836 | 
.728* - - - - 19.96  .606 = - 19.91 .692 -40 .698 19 48 6913 || 
4628. 672* - - = = 20.70 .290 = = 20.45 .361 -64 .040 -55 232: .487 |, 
- 732* - - = = 70 .397 = = 19.88 .530 -63 .189 68 20.28: .587 
4629. 676 20.38 .180 20.64 .164 -83 .081 20.22 .912 20.53 .199 Ol .530 -39 19.92 161 i) 
-732* = - = - 77 «181 - - -41 £357 +25 .669 46 19.88 .255 
4633. 680* - - - - 87 225 - $~ - 53 .518 45 461 -56 20.53: .839 jf 
729* - - = - 87 .312 - = 48 .656 -26 .582 9 45: 921 
4634. 670* - - - 70 .991 - - ~64 .316 ee eA Vs -09 39: .490 7 
svaon = - = 20.87 ,089 w= - 20.59 .472 20.60 .054 20.38 20.39: .582 | 
4896. 950 20.26 .183 20.69 .048 20.53 .925 19.87 .791 19.94 .755 20.42: .476 20. 13 20.44 .894 4 
4900. 889 -60 521 57.383 -64  .952 20.42 .097 20.13 .891 49.247 ~26 -3) .46mat 
-921 64 =.572 +14 45 64 .009 «53 +3148 44 81 - = 48 -39 «=. SF 
4923. 734 38 =. 275 Er WA Ve ~32* 2710 20.75 .669 cad Sh on 291 -16 44.562 
-813 76 .401 -64 .254 -60 .851 19.85 .796 20.00 .695 -68 .107 34 -60 694 | 
85} 69 =. 464 -62 . .315 67-  .919 20.01 °.857 EE pe) Pie ers) | 48 58. | 
- 883 84 «515 -55  .367 75 .976 <1? 5.908 -32 ,890 20.70 .281 -57 20.64 .810 
4924, 745 32. 901 -44 .753 51.514 -91 288 20.56 .327 19.87 .419 55 19.71 248 
- 827 07 «=. -53 . 885 -07 + .660 -76 419 19.83 .558 20.14 .623 -20 20.05 .385 
- 881 225 120 sere /e- +34 756 20.76 .506 20.15 .711 -46 757 19 19° £475 
4925.726 72 =~. 480 20.62 .331 -99 .264 19.92 .858 -60 .100 «55, «802 34 42.884 
-810 -81 2615 19.99 .466 -75 414 20,24 .9% +27 337 «oa? - 061 34 20.73 .024 
.879 -75  .726 20.07: .577 = = ay fr 4 103 213 532 -62. .232 ar 19.46 .139 
-923 20.70 .797 +15 648 -13 616 -65  .174 -24 .656 32 «341 45 19.47.2126 
4926. 708 19.99 .060 =62. oot -91 016 -75 .430 «21 ©. 875 -48 288 24 20.27 «Senn! 
-817 20.49 .235 -68 .086 -% «211 -84  =.605 -69 =. 183 09 = .558 -49 -57 ae 
871 0 edee 7 «= 18 20.94 .307 20.39 .691 +70 336 +22 .692 24 67 7 ieee 
916 72 =~. 405 -65  .245 21.03 .387 19.83 .763 -46 .463 34 804 18 59 J 66tar: 
4929. 883 31 £168 =<) 2017 20.10 .681 20.81: .513 42.851 75.163 -23 20.68 .817— 
4930. 864* = = = = i. = = 2 = - - = 48 = - 
4931. 864 «69 .355 -68 .204 21.08 .215 57.645 -80 .452 = = -14 19.92 ot 
4981. 669 =J2 aA 20.70 .310 20.94 .072 -84 .417 -57 247 »35— 613 46 54 .160m 
-770 -82 .64 19.79 .472 BAL er ar -69 .579 46 533 20.62 .864 -23 19.99 349 
4983. 663 -63 .692 19.74 .517 Ash Bey F4"4 -75 .610 -59 .884 19.92.5559) -55 20.34 .505 
748 -87 828 20.13 .654 45 .78t 20.13 .746 “Bly, . toe 20.40 .770 -53 50 .647 
785 -46 888 +26 = .713 -50  .847 19.88 .805 aoe) ede” -53 . 861 -22 20.50 .709 
4984. 664 45.302 O20 127, -81 415 20.65 .212 42.713 -77 042 she 19.62 .175 
-730 -67 408 39 «=. 233 44 533 76 .318 -53  . 90) 51 .206 -08 19.95 285m 
789 SR ESL! Pl e744 -04 .638 20. 87 414 +76 067 -09 352 -26 20.12 .383 
4985. 665 20.21 .913 +26 .737 -9 = .201 19.80 .815 -46 544 =Ji 6.525 -50 59 =. B44 
-742 19.98 .037 49 ~~» 861 -9%6 .339 20.08 .938 +29 = .762 ~25)" 5/06 -49 58 .973 
-783 20.13.10 SOS) = =92% -84 .412 +29 = .004 -38 .878 46.818 o2is -39° 4.041 
4986. 670 ~16 «527. -60 .354 -68 994 81.424 -80 .385 -80 .018 -09 -35 «6 5208 
-718 +81 .606 15 .41 -94 =.080 -78 .500 -31 520 “Ol 2135 -07 -46 .600 
5009. 659* = = = = = = = = = = -57 040 «26: 62 857 
- 683 81.554 60 = .368 82 .052 20.69 .265 -48 441 -76 .099 20.20 «38 89% 
-700* = i = = = = = = = = 20.70 «141 19. 98: 62.927 
5010. 649 +22 108 POL meE aoe ~O7- 275 19.84 .811 276 AZT 19.87 .495 20.32 27 =. 510° 
- 689 34 «173 -58 . 986 42.847 19.99 .876 +76 «284 20.09 .594 -42 20.32 .577 ; 
5011. 641 pO esn OE 20.00: .517 20.21 .545 20.88  .400 37 «6. 975 -65 .956 By fe 19.45 .164 
-699 20.89: .797 20.13: .610 "19.84 .649 20.72 .492 20.83 .139 20.64 .100 20. 17 19.61 .261 


RR Lyrae variables and is also rich in metal abundance. 
These apparent anomalies may be caused by age dif- 
ferences. 


It is possible that Draco, which is less dense than a 
globular cluster, has had a slower rate of star formation; 
that might account for the differences observed. 
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TABLE A (continued) 
\D V 173 V 174 V 175 V 184 V 185 V 186 Vv 188 V 190 

i 430, 000+ Mag. — Phase Mag. Phase Mag. Phase Mag. Phase Mag. Phase Mag. Phase Mag Phase Mag. Phase 
|'596. 700 20.45 .1% 20.20 .035 21.03 .245 19.71 . 178 20,875) = 179 19.87 .172 20.68 .039 20.76 .063 
.740 64 = .261 224, 095 20.96 .316 19.71 . 245 395 1246 20.07 .239 -69 .098 -68 .124 

4 .781 coF . 331 «26 2 155 -94 =.389 20.00 .314 +63) -.315 5268 5 SOG E20 iment Dy, -54 . 187 
q .814 =09)  .307 -40 .204 -75 447 309) 2309, 215) 23/1 -42 .363 15) 208: «ol «20/ 
| 1597. 687 -13 .874 ~64 .495 -80 .000 ee AS -86 841 -89 825 -38 504 Ae 22563: 
3 | a7 a7 15 £943 47.555 wom LOFT «73 ~~ 905 20.84 .908 20.94 .892 29) 368 ~27- 624 
-768 2? = «J OS 20.58 .615 -91 144 -69 .974 PATE edie 21.07 .961 51 .624 -40 .686 

. 800 WOO 5 O67: - - 20.94 .200 -77 028 21.03 .031 20.96 .015 49.672 BC, WES) 

4598. 679 20.81 .565 19.99) .963 19.95 .763 -45° .507 20.08: .511 59 .487 50: .976 .70 .070 

. 780 19.95 .737 20.24 .112 20.39 .943 20.68 .677 -48  .681 20.87 .656 «32 .126 -03  .224 
4599. 677 20.62 .265 56 .439 20.87 .560 19.70 .186 -76 192 19.95 3 159 -15 458 -07 = .586 
+744 -70 .380 -62 .538 19.56 .657 19497.) 9.299 -78 .305 20.21 = =.271 POO 507, -35 = =.688 

761 5700 408 39 = 564 -62  .687 20.08 .327 20.70 .334 ead Bee cs 2 TER DOS 45.714 

79D 77 473 20.77 .620 19585. 3755 ali) S91 19.92 .398 26 8=. 363 -62: 639 +48 .772 
4600. 675 10.966 19.88 .916 20.94 .312 75 ©. 866 20.82 .873 -82 .830 AVE AY ~84  .102 
767 Sosy 5122 20.13 .052 -82  .476 -60 .020 87 .027 -96 . 984 are = VAN -07 .242 
4601. 681 20.19 .680 59 404 20.94 =. 101 -50 .557 +32 = .567 -64  .515 22 «432 -25 .630 
731 19.92 .765 -50  .478 21.07, .190 -68 .641 -46 .651 «80 .599 -42,  . 506 .42 .706 

763 20.03 .821 720) 2525) 20.95 .247 -62  .695 ROO 5705! 20.77, «652 -50 .554 -50  .754 

+795 mes O70 20.35: .572 94.304 20.76 .751 SOFm =709 21.07 .70 -60 .601 .67 803 
4602. 684 64 .389 19.90 .888 +29 =. 884 19.79 245 <09) 3256 19597 ~ 2195 -60 .921 or, boo 
779 PLO OO) 20.10 .028 -68 .053 20.27 + .405 20.00 .416 20.50 .354 -68 062 ied Seer 
4625. 594 meee) O90 19.94 .926 -04 .796 a Om aoe, 20.98 .004 -82  .734 -69 .075 od2 oo NUT 
| .739 20.00 .673 20.03 .993 .40 .876 44.034 21.03 .080 -73 .810 42.141 Ailth Bi vag 
4626, 686 -68 .286 .70 = .394 20.63 .560 A . 628 20.39 .675 +26: .3% +45 .547 -26 .618 
.735 257 2 369. 20.67 .466 19.55 .647 -60 .710 - = -59 .478 -48 .620 49.693 
4627. 682 eee SES) 19.84 .867 20:95: joa -19° 300 .40 .352 20.24 .064 -67  .026 ~63| - . 13] 

; -728* 29 =. 061 19.96 .935 - - 50 .381 - - 19.88 .141 -70 .094 -42  .201 
4628. 672* .04 .670 20.62 .372 - = aZ0 5 769. - - 20.64 .722 42° .495 mele Ges 
.732* wigehet 72 81 420 = a -64 .070 = - Bo Geo -50 .584 -48  .726 
4629. 676 68 .380 20.09 .817 20.24 .876 -76 658 20.50 .710 -45 404 562)— +985 es ie 
-732* 44 .476 19.70 .900 = = holy in = 20.59 .498 -64 069 20.00 .230 
4633. 680* -58 = .203 20.70 .740 - = SIS ES = = 19.88 .110 -70 .928 19.91 260 
«729* -63  .286 ciigon soude = = 48.477 - - ARAL Sik .70 001 19.76 .301 
4634, 670* ~04 .890 41.204 = - 20.24 .061 - = 20.77 .768 -19 .398 20.53 .762 
-725* 20.53 . 983 20.57. 286 = - 19.76 .153 = - 20.57 . .861 20.26 .479 20.42 .815 
4896. 950 19.98 .789 20521) 2195 20.77. 089 20.26 .333 20.68 .800 20.48 .061 20.59 .700 ZOO ie. 203 
4900. 889 20.72 500 -07  .022 ~82 093 46 960 . 08 433 -89 .658 -42 547 -60  .187 
-921 S35 2555 me 070 20.77: .150 42 014 ~26 487 Beet AW «39> 594 -39 =. 236 

4923. 734 68 = .426 20.11 817 ares APA 43 396 20.90 904 rOleree 27.456 -65 .893 
813 Ties 5961 19.95 934 20.40 .851 44 529 21.12 037 40 .054 sol 50/8 -70 .013 

~851 4 626 20.11 990 are) eats 46 583 20.96 101 20.11 118 -48 .630 .70 ~.071 

- 883 20, 00 680 in 037 20.59 .976 48 646 -87 155 19.92. .171 -60 .677 -60 .120 

4924, 745 42.149 58 312 21.02 509 19 097 «37 606 20.78 .615 -62 .956 21.429 
827 Ee ara) 64 434 19.56 655 13 235 +63 745 He seas? -70 .078 29° 554 

881 20.76 = .381 63 514 1999 col 26 326 20,78 836 91.843 11 - 158 40 .636 
4925.726 19.98  .820 20.48 .764 20.98 .253 57 747 21.04 258 ci yrs) -16 = .412 -70 .920 
.810 20.07 .963 19.80 .888 20.82 .402 40 888 19.72 400 49 399 BEE AES f -68 .047 

. 879 - - 20.03 .990 - - 42 004 = = -77 .514 -53 .639 Ae" Mahler's 

+923 -68 .156 19 055 19.70 .603 20 079 20. 22 590 88 .588 -60 .705 20.19 .2197 

4926. 708 -70 .493 32 216 20.63 .999 48 400 Ai ae Ay Oe. 903 .75 870 19.82 .411 
817 20.15 .679 58 377 20. 98 193 50 583 -96 .0% 20.22 .085 -82 .032 20.22 .577 

871 19.96 .771 78 457 21.03 289 48 674 -87 .187 19.98 .175 ach lh -42 .659 

916 20.16 .848 20.58 .524 20.95 369 58 750 Sek oe hy? 20.19 .251 Py Alva? 20.63 .727 

4929, 883 ot) 903 19.96 .913 19.52: .644 -51 741 -86 .259 - - 32 =. 583 thee Boze 
4930, 864* - - - - - = 42.392 = = = = = - 20.42 .725 
4931. 864 sO) 279 19.96 .844 21.03 .166 «25 .074 Ve SA 263 2O3? 38.523 -04 244 
4932. 869* - - - - - - -42 = =~.765 - - = = - - a420 RT7A 
4981. 669 35 =. 14) 20.59 .520 19.84 .719 44.869 aa - 466 20.99 .957 -22 .448 -69 .908 
-770 +68 314 -63  .670 20.44 .899 20.62 039 -50 637 1S 92 eo 26. -46 598 -48 062 
4983. 663 S-y)) ERX} -60 .470 90) 2205 19. 98 224 -70 824 20.27. .297 +22 408 -68 .738 
748 20.00 .684 59 596 .78 417 20.26 367 .87 968 -59 .439 49 = =.534 -64  .067 

~785 - 08 747 20.62 .650 See) 482 23 429 ~82 030 69 =.501 rst) bts) -40 .123 
4984, 664 69 244 19597. 951 -77 044 57 908 me 510 -9% .973 SEI AEE -09 458 
.730 ~76- .357 20.14 + .048 a) 162 63 O19 38 621 20.13 .084 BODme sto no OS 

-789 -50 .457 a2? 136 99 267 34 118 -64 721 19.92 .18 -73 080 -56 .649 
4985, 665 oil =.950 -50 .431 10 824 39 «=. 592 ce) 196 20.83 .650 -12 .380 BEY Ari he 
~742 48 .081 70.545 53 961 44. .721 Ser) ESS) 94.779 -34 494 +39 =, 0% 

-783 soz 15] 20,68 .606 20.69 .044 AY arg | 14 394 94 847 “ey ERE sep ol bot: 
4986. 670 20.07 .662 991.918 19.50 .611 -16 .28 77 888 29 «=. 333 -62 .871 -07  .506 
718 19.94 .74 19.98 .989 19.73 .697 21 «38 94 969 60 413 60 .943 iS PBT ee 
5009. 659* - - - - - - a) ee - 2 - - = = - - 20.00 .430 
- 683 20.24 .874 20.03. 961 20.84 .549 -69 .00F -40 .642 -83 .878 68 .030 -25 .467 
-700* - - - = - - 57.030 - - = = - - -13° 493 
5@10. 649 -50 .520 59 .390 21.07 246 ~64 .626 AP pred Re ~496 -26 =. 464 0 .935 
- 689 13 588 20.63 449 20.89 .317 20.70 .694 56 336 20.76 .563 45 .523 06 i795 
5011.64] ~ eel ryt 19.87 .858 -63 010 19.94 .295 20.88 .939 19.88 .157 49 836 -14 .442 
699 20.87 .310 19.85 .943- 20.94 113 20.21 .392 21.22) ¢..037 20.14 .254 20.57 .022 20.27 .530 
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TaBLe A (continued) 


JD V 192 V 193 Vv 194 V 196 Vv 198 V 31* V 134* Vv 157 


2, 430, 000+ Mag. Phase Mag. Phase Mag. Phase Mag. Phase Mag. Phase Mag. Phase Mag. Phase Mag. ha 
4596. 700 20.68 .059 20.42 .032 18.03 .440 20.57. 188 20.65 .030 20.53. 133 18.33 .480 19.44 . 747 
.740 62.120 4.091 18.05  .465 58.255 60.089 57.198 33.507 49.7901 
781 164.182 Lage is 17.99 .491 59.324 38.149 270.265 155.536 44,834, 
1814 168.232 -51 200 18.03 .512 .40 .380 27.198 20.75 .318 18.55  .558 49,869 
4597. 687 222 «3053 ot Aa -56 .061 -59 862 e -58 =. 482 19.76 .731 19.53 .157 40 ., 801) 
-727 oo? 6g 6S 59 =, 546 -51 086 =AS= sae, -63  . 541 CH et -44 .184 -40 844i) 
-768 45 .675 -25  .607 -64 .112 362 5 9979. -53 .602 -76 863 19.13 212 44, 888i) 
- 800 5d) «5 F28 -32 .654 -95 ~~. 132 -76 053 -62  .649 19.88 914 18.89 .234 44° 922! 
4598. 679 -62 .0533 Bain Rye «IT =. 685 13° «545 +82 .942 20587 da? 19.15) > 837; 49 8614) 
. 780 -64 .206 -44 .099 .24 .748 CLT ZAG aT, ent wi) esol 19.25 .906 -49 pA 
4599.677 26.564 -45 .421 48" 312 ide ween 35 .410 -09 .954 18.37 .522 49 5 
744 -40 .665 -46 .520 PS: ers 1) -45 352 SOO. -50 .062 74 567. 53 ie ! 
-761 -46 .691 -56 545 ss” -.365 27 +=. 380 200° 4535 -50 .090 18.74 .580 49 1 ' 
799 -54 .748 -31 =. 601 -16: .389 -35 .445 739 2990 ee Bee a) el - = 44 eo 
4600. 675 -54 .073 -29 .89%3 51 . 940 -60 .%)1 81 .880~- Dee OEY 19.09 .206 ee 
«767 58 .212 -40 .028 - = ~62 087 +72 —.015 20.00 .719 18.71 .269 744 090 
4601. 681 «31 595 -57  .376 .07 «573 -37 =. 638 -25 .360 PAU ed inp 19.27 .8% 49.066 | 
-731 -38 .67) -46 .450 ~06 .604 48 7B 44 433 .77 280 -15 .930 30 =. 120 
-763 -50 .720 -56 .497 -11 .624 cA) Lae -59 .480 Te “waa BAR are? +32 «154 
-795 -48  .767 -58 .544 06: .644 =5t ...622 BES) eee 20.70 .383 19.35 .974 -44 188 | 
4602. 684 soe" Giz +25 = .856 -56 .208 -50 .340 -64 835 19.65 .824 18.45 .584 19,40 .137 || 
-779 53 .256 -40 .996 ene ees SeleeneOl -67 «975 19.96 .978 -76 .649 18,55 .239 
4625. 694 -60 .924 oy Sew 4: ) -23 .674 -48  .379 -68 .695 20.19: .:077 +26 364 19.28: .708 |} 
-739 sh Ore ~14 851 2h) 87Os -12 .455 posemnre DON -48  .150 18.27 .395 -40° .756 
4626, 686 «21 «425 -50  .247 PL) eee 0's -J70 .063 »32 «2154 20.77 +. 684 19,44 ,044 -40:  .787 
~735 21 =.500 -o1 «320 39 | a2? 75.145 eee i227" 19.65 <765 19,42 .078 -44 819 
4627. 682 -65 .932 16 «716 -48 .925 Pipe mikey -58 .620 20.59 .2%6 18.95: 3727, -40 831 | 
-728* - - - - - - 253" = 1830 = - 20:87. 371 19.15 .760 49 880 
4628. 672* - - - - - - +32 «= .432 = = 19.52 .899 18.26 .406 744 - 888 
-732* - = - - = = 2 eelP 2.533 - = 20.26 .997 18.33 .448 44 952 
4629. 676 20.68 .948 20.31 .657 18.62. .179 +64 135 20.60 .555 -62  .525 19,53) 095 44.960 
PTE) sod - - - - - - - - - = -64 .616 44.133 19.49 .020 3 
4633. 680* - - m - - - -42 .928 - = -13 =. 008 +23. 841 18.55 .235 i 
aoe - - - - = - -70 .011 = = -45 = =. 089 19.28 .874 -12 £288 
4634. 670* - - - - - = -29 .608 - - <7, “O10 18.45 .520 «12: [298i 
PY i - - - - - = 20.35 .701 - = 20.50 .700 18.82 .558 18.47 351 
4896. 950 20.31 = .307 20.16 .766 18.40 ~ .267 20.07 .592 20.63 .848 20.59 .268 18.22 .391 18.20 .360 
4900. 889 46 .266 -45 .574 21.744 -81 275 ~51 645 -77 =. 646 19.27 .093 19.01 566 
+921 -39 = 6315 sav | 02) -23 «765 290) 5329 “5 ©. 692 -53 696 19.29 .115 +32 601 
4923. 734 -60 .829 -48 .260 era 4 -81 .033 -10 .260 20.64 .632 18.90: .760 40 96) 
813 -59 .948 -50 .376 -60 .161 Bf Ale7é ea SLE 19.65 .762 19.15 .815 44.045 
- 851 -51 .006 46 .432 -54 .185 -81 .231 wal 12433 76 .827 = = 44.086 
- 883 -55 .054 -40 .480 -58: .206 -83 285 -38 .480 19.96 .875 19.23 .862 49.120 
4924. 745 -27 =.358 BA y= -38 .748 -51 .749 -65 .748 20.70 .271 18.33 . 453 «36 =. 040 
- 827 +2]. =~. 482 22 «© O71 Cee Ort rey .67 =, 888 -67 .869 = - = = 40.128 
- 88) +22 564 =o0 aaa -36 .833 20.69 .979 -73 «948 20.59 .491 18.61 .546 44.186 
4925.726 -64 .842 48 11977 21 «=. 365 19.83 .413 pre sl bd 19.88 .862 19523 * 5126 -32 - 088 
-810 -60 .969 -54 321 -19 «416 19.970) 2 556 -08 4315 20.00 .995 - = 19.36 .178 
-879 -64 .074 -58 .422 -11 . 461 20.34 .673 - ~ -24  .109 18.89 231 18.28.25) 
74) a2 si AO -60 .487 -04 .488 -49° 747 -38 482 ~50: 5178 18.45 .261 18.34 .298 
4926. 708 32 .328 +27 645 -54 .982 sOn aero, -60 .637 -77 448 19.05 .800 19.36" \.)\oaane 
-817 -26 .4% ~26 .805 -64  .05] -84  .264 365 3/97 DZS ean O20 te = 18.06 .253 | 
- 871 Med PTS +20 .885 = = 20.67 .356 -70 .877 20.59 713 o = - | = | 
916 -40  .643 «a7 *.951 60.18 19.83 .432 -64 943 19.62 .786 -35 942 18.28 259 
4929, 883 58° oS] +00) 327, 58 8.979 19.71 .466 a 200 SOS 20.62 .590 19327 ez 19.01 527% 
4930. 864* - - - - - - -, - - = 20.70 .179 18.84 .650 - | = 
4931. 864 70 129 53 248 56.225 20.59 827 19 223 19.50 .798 18.33 336 36.642 
4932. 869* - - - - - - - - - = 20.70 425 19.44 025 - - 
4981. 669 13 479 15 688 04 547 20. 87 326 49 512 -70 438 18.30 492 49 £825 
770 39 631 +21 837 14 611 19.82 .498 25, 660 70 600 18.64 561 49 33 
4983. 663 19 495 -38 628 28 =. 801 20.44 .709 35 446 20.77 665 19.09 859 44 954 
748 38 = =.624 +20 754 36 855 -63 .853 58 571 19.70 803 272) a 918) -40  .045 
785 at 680 -21 .808 45 878 20.78 .916 65 625 19.83 863 19.27 944 44.084 
4984. 664 63 .010 -35 104 11 43] 19.97 ,407 63 919 20.77 287 = = 49.023 
730 68 .110 -50 202 06 .472 19.84 519 70 016 .70 393 18.61 591 44.094 
789 70 1.19 60 288 09 509 20.16 .619 +53 102 70 488 = = +44 .157 
4985. 665 20 = .524 46 580 -36 060 +83. 106 +29 392 ae! 907 19.35 232 -44 = ,092 
742 32 641 ~25 694 -60 .109 TE 3230 ~44 505 19 031 18.37 284 19,49 174 
783 46 703 21 754 57.134 87 =. 306 -56 566 53 096 18.37 .312 18.88 .218 
4986. 670 57 045 35 062 +24 692 50. =. 811 -67 871 62 537 19.27.92 19.36 .165 
718 -68 .117 -50 133 24° .72 68 «=. 893 70.942 20.70 612 19.44 954 18.66 .216 
5009. 659* - - - - - - - - - - 19.76 755 = - - - 
683 62 861 35 996 62 =. 165 20.64 854 68 734 - = 18.81 704 19.44 739% 
-700* - - - - - - - - - - 20.00 .821 - - - -a 
5010. 649 Ip B74. 58 421 -33 «6/73 19.74 483 32. «=. 155 77 358 27.366 ~44 6770 
- 689 ~22 383 54 480 -37 .7% 20.01 561 -14 .214 64 423 18.27 .394 -49 =. 813 
5011. 641 -56 823 -14 , 883 17.397 ZOl masilee: O90 loa 013 964 19. 53 046 -49 = =.830 
699 20.70 a1 20.24 .969 18.11 .433 20.84 .275 20.72 .702 20.29 058 19.50 086 19.49 .892 — 


* Eye estimate. 


WARDABLES IN DRACO SYSTEM 339 
TABLE B. Forty-five variables between 5/40” and 8’ from center. 
4 V5 Vé v9 Vv 14 Vv 15 Vv 18 
Phase Mag Phase Mag. Phase Mag. Phase Mag Phase Mag, Phase Mag. Phase 
PHOTOMETER MEASURES 
.118 20.81 .228 20.53. 007 20.21 .023 20.65 . 132 19.74.21 19.86 .273 
- 182 81.298 19.79 065 20.04  . 082 .80  .197 20.00 .281 19.96 .346 
. 247 .69  .370 53.124 19.84 142 64 263 122.353 20.13 .421 
.300 94 428 19.75 .171 20.03 .190 20.67 .316 40 412 .35 . 481 
. 694 70.959 20.16  . 428 49.466 19.73 .728 96.918 88 069 
.758 -96 — .030 42.485 45.524 20.11 .798 87.988 20.53. 142 
.823 95 101 .50 544 58 OS 15.859 20.87 .059 19.88 .216 
874 .95 157 .60 .590 59.631 -29° 911 19.85 114 19.70 .275 
.278 .03: .701 42: 856 20.63 .917 62.334 20.82 . 636 20.81 .876 
439 49.877 62.001 19.98 063 70 49% 21.12 .809 82.058 
.871 20.87. 450 .03 .291 20.32 .374 42.946 20.34 .361 58  .689 
.978 19.71 .568 03.388 -40 .472 49.054 TE LL -81 811 
. 005 .75 .597 sigs) 2412 .58 497 62.082 64.507 90  .842 
. 066 19.95 .664 26.467 49.552 20.81.14 .89  .572 .83 2911 
465 21.03 .201 .65  .728 58 833 19.81  .560 20.50 .088 46.505 
.612 20.80 .362 20.63 . 860 62.967 19.79 .709 19.82  .247 20.77 .673 
.071 .80  .966 19.80 .175 24.303 20.70 .187 21.03 .828 19.91 .335 
151 .76 053 19.84 247 34.376 65  .268 21.07 .915 20.15 .426 
- 202 .90 109 20.01 .294 48 423 53). 319 20.89 .970 38.485 
«253 83.168 .10 340 .46 470 20.60 371 88 .025 46.543 
.673 2727, 58.620 .58 771 19.97 .810 20.73 . 565 20.51 .162 
.825 .50 .893 20.58 .757 .65  .910 20.32. 964 21.15 729 19.96  .335 
999 20.20 .829 19.50: .160 73-851 19.44 .622 20.16  .087 20.87 830 
.590 19.74  .576 20.60 593 22.306 20.87 .233 94.810 20.70 .642 
73 20.82: .074 20.24: . 463 20.13 .221 20.77 .457 20.00: .259 19.85  .272 
. 557 20.75 . 926 19.81 .091 20.65 .868 19.58 .660 20.81 .643 20.22 .548 
. 847 35.836 20.57 .766 63.626 20.50 .034 .51 458 75.715 
- 898 yOle O92 2oo) 2012 20.53. .673 -70 .088 +62 .513 84 .773 
452 .65 049 49.756 19.97 .131 -72 .106 15.116 21.423 
-564 20.89 .172 29.48 .856 20.09 .233 20.82 .220 yey AY -50 .540 
- 940 19.98 .684 19.60 .097 49° = .493 19.46 .613 -86 .729 20.59 .119 
.071 20.44 828 19.91 .215 67.613 19.91 .746 94.871 19.99 .268 
. 641 19.81 553 20.58 .630 20.00 .050 20.58 .336 See ker 20.77 =. 056 
-752 19.99 .675 20.64 .730 19.94 .152 -65 .448 73 =. 692 S27 ets bas! 
- 248 21.04 .319 19.80  .079 20.48 .522 20.51 . 964 20.40 .313 20.88 . 888 
EYE ESTIMATES 

-415 20.64 .089 20753) .755 20.21 .401 20.35 .018 20.48 .370 20.68 .025 
- 487 70.168 20.48 .797 .62 466 20.70 .091 59.448 .62 .107 
=079 20.42 .9I7 19.94 .232 -70 .924 19.76 .703 s 13: 3173) «00 922 
- 663 19.70 .657 20.45 .660 -35 .373 20.62 .307 -70 .889 .77 .72 
-17) 20.53 .313 20.50 .018 239) «753 -13° £834 GAY kyr? +24 443 
+266 -48 .418 19.60 .105 -50 .841 20.70 .%31 -77 626 20.62 .553 
- 863 Bethe 20.32 .543 29 = .303 19.88 .548 20.26 .354 19.76 .372 
- 167 -70 .09% 19370) 5225 20.13. .073 20.42 .932 19.88 .186 20.45 .554 
246 59.186 20.19 .297 19.79 .146 13.013 20.19 .273 20.70 645 
-748 19.835 42.650 20.50 .520 20.32 533 59.899 19.98 .355 
- 836 20.50 931 20.42 .729 20.42  . 600 19.52 622 20.50 .994 20.35 456 
+324 20.26 .909 20.48 .640 20.45 .014 20.48 .977 20.77 .978 19.76 .278 
.157 -42 923 20.00 .293 .70  .692 20.00 .833 70.964 19.94 366 
- 506 20.45 .405 aioe Ue SEyf)  aieeai/ 70 .200 +26: 426 20.77 .903 
-82] 19.96 .751 .70 792 .03  .215 48.518 83,767 13.262 
. 074 20.50 .126 20.53. 920 42.361 -03 .786 AEN sipsi -59 «=. 5555 
- 407 20.48 .495 19.65 .223 -59 .668 20.64 .126 20.42 .486 -70 .070 
- 838 19.88 .542 20.26 018 64.695 19.65  .667 19.81 .209 59 688 
- 902 52.612 19.52 .075 .64 .754 19.96 732 20.00 .278 .70 761 
. 998 19.52 .718 19.70 .162 53.841 20.00 .829 42.382 20.70 .870 
.020 20.57. 038 20,48 . 886 -62  .608 20.00 .890 .77 657 19.76 .314 
- 156 od.) » 307 20.48 .008 -50 .732 eon Cer: ~87 =, 804 20.13 .469 
215 20.59 .252 19.72 .061 -59 .785 -53 . 087 -64  . 868 +35 =. 536 
-619 19.88 .796 19.67 .328 .07. .073 20.53. .510 42.39 20.64 .127 
-726 20.13 .910 20.07. 421 20.00 .168 19.52 613 -62 .50 19.76 255 
-818 20.50 .014 42.506 -03 .254 19.65  .709 20.70 605 20.00 .362 
.217 19.70 .550 SST c TOF .50 .534 20.50 .127 19.88 120 53.956 
~340 -76  . 685 -48  .878 -53 . 647 -64  .252 20.00 .254 -77 097 
- 405 19.96 .755 20.48 .935 ~62  .705 20.62 .316 -13 .323 -26 = .169 
- 825 20.50 .317 19.60 .216 21.006 T2576 ston RA eee Ooe .70 .789 
- 898 20.57 .397 20.00 .282 20.03 073 20.13. 830 70.942 53.872 
= = - - - - - 53.928 -70 630 57.611 
- - - - - - - -42 1994 -64 .701 -57 685 

- - - - - = ~ 20.48 .529 +35. .34 13.412 

- - - - - - 19.52. .593 ae ANE -19° 2485 

- - - - - > 20.62 .133 ees COT 20.29 .217 

- - - - - - - 20.62 .227 20.03 +.159 19.76 .323 


340 W. BAADE AND He He. SWOPE 


TABLE B (continued) 


JD Vv 23 V 26 Vv 28 Vv 29 V45 Vv 46 Vv 48 V 57 ! 
2, 430, 000+ Mag. Phase Mag. Phase Mag. Phase Mag. Phase Mag. Phase Mag. = Phase Mag. _— Phase Mag.  — Phase: 


PHOTOMETER MEASURES 


4596, 700 19.88 .133 20.46 .161 19.97 .118 20.64 . 230 20.26 206 20.86  . 081 20.81 203 20.67 © .157|| 
.740 20.13. .198 19.72 .227 19.98 182 62 -300 -40 .275 20.42 200, .82  .272 64 228 
.781 -22 264 19.91 295 20.20 .248 .80 .372 .50  .346 19.95  .322 .82  .342 59.291 || 
814 38.317 20.12 .348 31.300 .63 430 * .63 403 19.98 .420 82.399 57.845 

4597. 687 63.730 20.96: 796 67.695 .20 964 20.64 .906 20.88 .016 46. .900 219.789. 
727 175.795 21.17 862 70 .759 53 034 19.81  .974 Wie res 46.968 129° B47 
768 62°. 861 20.94 .930 64  .824 64 106 77.045 20.14 .257 76.038 42.922 
800 64.913 83.983 .60 .875 20,83 - 162 19.94 .100 19.94 352 20.86 .098 51.975 

4598. 679 a7 asi .50 443 15.281 «19.56 708 20.77 .617 20.77 .968 19.60 .607 20.59 .430 |} 
780 57.499 96 611 45  .441 20.00 884 62.789 13.265 20.19.79 19.82 pe 

4599. 677 .69 951 20.72 .098 77 874 - = 50.334 95.932 £62) aal 20.64 .079 |) 
744 29.059 19.82  .209 75  .981 20.07 578 .75 449 75.134 .57 436 62 ie i 
761 = - 79.238 .29° 008 ~=—-19.74 608 .77 478 ~48 182 20.53 .465 73 ah 
799 04.148 19.98 .301 09 «.069~=—«19.31 674 20,94 543 03.295 19.70 531 58: .281 

4600. 675 58.566 21.07 .753 51.469 20,59 213 19.73 .054 77.900 20.63 037 07 «729 
767 .65 4715 21.11 .906 20.73 .616 .63 375 20.13 .212 57.173 75 195 -32 881 

4601. 681 14.194 20.50 .422 19.99 .076 .29 .981 70 .787 77.891 21 e767 -70 392 
731 29.275 64.505 94.156 40 . 069 72 .873 82.039 27-853 .70 47h 
763 34.326 82 558 19.99  .207 30 .125 20.40 .928 8105134 59.908 20.34 .527 
795 44.378 le7aeell 20.22 .258 20.59 .181 19.79 .983 .25  .230 70 .9%2 19.94  .580 

4602. 684 .68 .819 20.96 ..088 70 .680 19.68 744 20.82 .516 82.876 20.08 .493 20.60 .052 
779 57 973 19.80  .245 62)» 83200 20/14 911 -94 .680 +72 «158 19.88  .656 20.70  .209 

4626. 686 189 662 20.77 .892 .22 024 20,04 . 909 84.863 126.239 20.30 .755 19.92 .733 

4627. 682 .08 = .274 .83 544 56d. [615i 19:37 659 20.95 .578 -51  .200 .01  . 468 20.89 .380: 

4629. 676 20.62 .501 20.94 .85) 20.75  .801 20,64 . 162 19.57 .014 20.77 129 20,42 .89% 19.82:  .666 

4896. 950 20.39 057 20.59 .128 20.45 .798 19.50 .709 20.62 446 20.53 .815 20.70 .393 20.22. 561 

4900. 889 42,432 95  .660 19.83 091 20,00 629 bi). epey -25 526 .82 .165 .68 073 
921 -29°— BA 20.98 .713 19.82 .142 Ss = Ba 2k. 207, .50 621 87.220 75, 26a 

4923.813 .69 532 21.06 .678 20.70 .714 .29 902 Femme Zs .27- 687 .05  .576 53.973 § 
. 883 82.646 20.95 .794 .68 826 45 025 177.844 83.895 19.6% .75  .088 

4924. 745 20.14 * 041 48.224 22.203 = 20.54 . 539 .53 4329 .12 458 .76 .178 27 5YAy i 
.827 19.97 .174 57,360 135.334 19.49 . 683 72.470 .51 .701 .58 319 109.649 

4925. 810 20.76 .764 20.99 .990 .69 904 20.63 .410 20.00 .164 40.624 57.009 75.275) 
. 880 .64 878 = = £22) f016 54 . 533 43.284 BrP RY o72) 5180 83.390 

4926. 817 20.63  .394 21.12  .660 20.76 £513 20.60 .179 20.83 .898 20.26 .618 20.15  .740 20.60 .939 

EYE ESTIMATES ; 
cry 

4625. 694 20.50 .057 20.13 .246 20.32 .439 20.64 166 19.94 154 20.00 .289 20.70 .050 20.50 - 093) 
.739 .03 .130 -19° 322 .70 511 .75 . 245 20.03 .231 19.88 423 .70 127 32) lem 

4626. 735 64.743 57.976 20.00 .104 .64 997 70: .949 20.13 .387 20.68 841 42: .807 

4627.728 32.348 20.48 .620 .64 .687 20.00 .740 .87  .658 19.88 337 19.94 547 53.456 

4628. 672 75.876 19.94 .186 213) 5197. Ved .398 .32 .284 20.42 143 20.42 .178 26.017 
.732 57.973 20.13 .285 26.298 .87 504 48.387 20.00 .322 .64 181 20.59 .116 

4629.732 59,592 64.944 59.890 .87 261 20.00 .110 20.00 .29% .50 992 19.81 .770 

4633. 680 64.981 42.492 13.198 .81 196 20.57 .911 .87  .034 42.779 20.62 296° 
.729 .64 062 42.574 48.277 .87 . 284 19.83 997 42 e163 44.865 62.379 

4634. 670 42.583 e537 133 45.779 .70 735 20.77 .617 83.978 20.00 481 242.933 | 
725 20.35 .672 20.32 225 20.57 .867 20.42 . 032 20.70 .711 20.42.14) 19.96  .576 20.32 024 

4923. 733 20.26 403 20.64 , 546 20.42 .586 19.9% 761 20.50 .585 19.96 449 20.10 .438 20.07.84] 

4924, 881 13.261 59.449 42.420 19.9% .778 20.64 563 20.48 .914 29° 412 19.76 .738 

4925. 708 ~ = = = ~ = . = ie = = = 48.834 = = 
72% .68 .628 .64  .851 .64  .770 20.83 . 263 19.52 .019 20.00 .374 .50 .868 20.42 .136., 
923 .81 947 S07 aIzZ, 20.00 .085 19.72 . 609 20.53 .358 70.960 .50  .204 42.462 

4926. 708 .03 216 .53 477 42.337, 20.35 986 20.77 .709 -03 29) .09 55] 09.758. 
916 64,556 57.826 77.673 .53 .355 19.65 .071 70.915 42.911 20.42 105 

4930. 864 = = = = - fe 5 = = : = = 20.00 .698 = - 

4931. 864 - - = = = = = = = 3 = = 20.00 .417 = - 2 

4932. 869 = = = = = = = : = Z = a Ve eiS = oa 

4981. 670 20.00 .168 PB XE 20.00 .146 20.64 545 20,42 .394 2350713 57.044 19.65 628 
.710 .09 233 .64  .700- 13.210 (19.57 .615 42: 463 48: .832 59.112 19.94 694. 
770 321330 62.799 226.306 19.74 .720 59.566 70 010 C77 nate 20.09 794, 

4983. 663 19.394 70 .938 42.330 © 20.59 046 20.70 .827 48.634 20.64 .470 2 923 
.748 53.531 42.079 109; , 466 75 195 19.76 .973 .70 .891 19.88 .616 42.064 
.785 35.591 57. 14) 77.525 59 . 260 19.65 037 70 .001 19.94  .680 20.59 .125 

AIBA. 664 70 .015 62.600 .70 931 32 - 806 20.64 .553 20.00 .618 20.62 .193 19.65. .580 
730 03.121 64.709 09 =. 035 35 921 77.665 42.811 59.305 19.76  .687 
.789 09: .216 70 .806 20.00: .129 20.70 024 59.767 .81  .986 57.406 20.13 785 

4985. 665 2535 634 2% 259 48 .529 19.94 563 Alki arn 07 «591 A2\ 912 .57  .233 
.742 64.758 35.387 57.652 «19.88 699 .70  . 408 .70 820 42.044 48.360 
.783 67. .823 42.453 20.64 .716 20.00 .769 20.59 477 53.939 20.62 .113 59.427 

4986. 672 03.263 165.929 19.98 137 53 .333 19.83  .011 20.00 .585 19.65  .643 20.00 .898. 
.718 EE) 20.70 .006 20.00 .211 20.70 413 19.88 .090 n26men722 19.88  .722 20.35  .974. 

5009. 659 226 466 = - .62 .861 19.83 .716 20570) ss O10 me 591m s032 20.64 . 162 = = 
.700 70 532 = = .70 .927 19.94 .788 48.681 -59 054 364. 2335" Ue = 

5010. 649 45.068 = - 42.443 20.77 456 53.316 -59  .875 +26 864 - = 
. 689 .09 .133 = = .57 .507 59 526 20.35 .385 59.994. 20.59 .933 = - 

5011, 641 .59 673 : = 26.028 .83 -199 19.88  .025 .62 .825 19.98 .570 = > 


699 20.42 .767 = - 20.00 .121 20.59 +300 19.94 .125 20.62 ..997 19.88 .670 = > 


880 
4926.817 


WEA ES) kN DRACO SYS ThEM 341 
TABLE B (continued) 
V59 Vv 60 V 62 Vv 64 Vv 70 Vv 80 Vv 84 
Mag. Phase Mag, Phase Mag. Phase Mag. Phase Mag Phase Mag. Phase Mag Phase 
PHOTOMETER MEASURES 
20.44 .188 20.48 .149 20.44 .160 20.38 .169 20557 3 120 20507 e162 20.60 .182 
Ol 250 .58 214 sol 2226 .00 «=. 236 -60  .184 Sey ar rk) -62 .250 
-67 .326 -62  .282 -64 294 54 304 aa Zee -80 .296 hi RAK? 
20.80 .382 -60 336 77.349 762 aor +79 «302 276) 3351 20.82 .375 
19.70 .863 20.21 .768 20.99 .796 -67 818 20.80 .699 20.21 = .801 19.73 .850 
-60 .931 19.84 .834 19.97 .862 20.07 .884 19.80 .763 19.60 .867 19.88 .917 
19.98  .000 74.901 73 ©. 930 19.82 .953 = Ane OZ 19.91 .%36 20.24 .986 
20.14 .055 19.95 .954 19.88 .982 19.85 .006 19.97. 880 20.00 .989 -32  .040 
-83 .548 20.63 .398 20.98 .441 20.68 .476 20.77 =. 287 21.09 .449 By eye 
SAS EVAL SAD ue DO2 -94 .607 82 .643 20.77. 447 20.77. .615 -25 .696 
ol 324) 30 .034 Pay OA) +29 141 19.91  .882 38 104 seh or Aly 
709 «64 354 49.144 -49  .204 +07. 253 20.26 .990 I GPK -76 324 
89,383 2o8) > 2172 -08 233 -60 .281 oe OLZ -60  .243 27G) 2 303 
20,80 .448 soo) 204 JF2 296 73 «345 -26 .078 203, «306: 20.70 .417 
19.76 .933 20.60 .672 20.84 .747 20.77. 808 20.81 .479 20.75 .761 19.95 .897 
20.24 .089 19.81 .823 19.79 .900 19.81 - 962 21.03 .626 19.77. .914 20.22 .054 
796 .641 20.70 .322 20,83 .414 20.81 .488 20.38 .088 20.96 .431 3/0) Oat 
hE atfels -70 .404 21.09 .497 VE oeyy3 sod) 168 -87  . 544 20.57. 681 
-96 .780 67.457 20.98 .550 6 625 -70  .220 .82  .567 19.57. .735 
-04 .834 .68 510 2102 O03 Ni ACL? ~83) 3 270 .70 620 19.68 .789 
-76 .344 = Ol) ..970 20.22  .078 a 2/ OD 20.70 .6%3 See H O97: 20.87  .293 
-88 .505 -32 .126 rey) 236 +50 324 19.79 .845 20.64 .255 20.86 .453 
-07:;  .077 295.356 wuTiy 853 AT-\¢ yy 20.34 = .091 19.76 .945 19.62 .838 
-96 .767 AE Be) -84 503 038 4915 20.63 .685 20.92 .598 20.70 .520 
20.29: .151 20.76 .262 20.58 .808 20.57. 246 19.81 .875 19.73 - 909 19.79 .889 
20.96 .742 19.70 .859 20.94 .734 20.81 .647 20.94 .460 20.69 .637 20.76 .395 
-81  .427 20.63 .323 -46  . 262 -38 .226 19.50 .761 -45 .177 -31 049 
-94 =. 481 -68:  .375 82° .315 -44 .279 19.65 .813 -57.  . 230 20.49 .104 
~60, .331 14.94) -64 .252 AE ARNE! 29.96 .435 387 2235 19.36 .775 
20.82 .449 -40 .056 -84 .368 -81 = .630 81.547 -86 .351 19.80 .893 
19763) %.933: -63 .470 20.67 .796 -19 =~.070 SIA ere hS 20.42 .782 20.89 .349 
20,22 .052 +81 605 19.90 .932 49.207 54 057 19.82 .920 -75 487 
-68 .720 48 .218 21,07. 561 20.22 .848 -98 .630 20.94 .550 64.148 
ra} cs}? 20565) 7333 > ~ 19.95  .965 - - - = 20.87 .266 
20.94 .430 19579" 871 20.75 .230 20.80 .530 20.92 .241 20.68 .222 19.63 .849 
EYE ESTIMATES 
20.62 .394 20.57 .728 20.50 .209 20.50 .595 20.70 .504 20.81 .298 20.48 .162 
-64 470 20.00 - .802 20.64 283 -57  .670 -77 .576 ohh RTA! -59 .238 
20.35 .162 -70 .438 19.76 .%36 20.77 = .335 20.64 .171 42.028 AU) aby? 
19.88 .845 +21 066 20.70 .580 19.94 .992 19.47 .758 -64  .674 -64 .598 
20.57. 447 aneF SES -35 «144 20.48 .569 20.81 .268 -64 = .242 48 11% 
Oley O00. 308) 3713 42° .24 -50 .669 -81 .364 -59 341 ce ote) 
20.42 .247 70 .354 SOP aIOl 20.70 .339 -13 .964 09 002 +19 .984 
19.74 .947 20.00 .833 -59  .443 19596933 -64 .280 -70 .556 20.70 .653 
19.70 .032 19.88 .915 -70 .526 19.76 .016 -64 .360 -48 .639 19.76 .737 
20.57 .627 20.64 .457 -26: .084 20.48 .587 20.00 .864 -59 =. 200 20.70 .325 
20.64 .720 20.48 .548 20.49 .175 20.70 .678 20513 2.952 20.59 .292 20.42 .418 
20.13 .1% 19, 96 810 20:15) «112 20.50 .380 20.70 .307 20.5702 20.59 .639 
19° £144 20.62 .694 19.94 .022 -42  .297 -59 .144 -42 008 Eye ere 
20.59 578 -32  .080 20.70 .422 -64 .708 20.53 .496 -62 .41l acy dele ay) 
19555), .812 -64 .404 -62 .748 AV4P  lveyé 19.88 .811 <7 «138 -59 339 
20.50 243 -77 .690 20.00 .048 45.347 20.53 .065 -21 = .040 -59 .663 
70 .599 -35 .035 -57 396 -70 .698 70 .40) 70  .388 +26 .016 
E7O) 20 20.00 .884 mee, 132 -35 «146 20) no 9> 64 289 -64  .512 
64° 588 20.00  .950 -26 199 SOS eS -42 .059 -70 .356 AEN ery? 
20.42 .690 20.00 .048 -50 .298 203) 313 59 .155 -70 .455 20.35: .681 
S52 OS geal SES -58 .435 -53  .475 -62 .183 -70 .598 19.81 .879 
20.03 .047 -53 .244 -67  .576 eh eeiPs -70 319 -68 .739 20.29 .023 
.03 110 -64  .355 -62  .637 -77  ~=~.678 20.64 .378 13.801 45.045 
-68 .602 Oyu 77, .22 .0% +26 «148 19.47 .786 ~62  .262 -64 .572 
pO 13 26 =. 906 -35  .203 OO Aeeaceos 19.96  .890 -64 .370 20.42 .681 
cog ele -42  .003 -39 ~=—«w. SOT 03 356 20.42 .985 20.70 .467 19.60 .783 
59  .300 -70 440 20.48 .753 20.53 .818 -64 386 19.88 .922 20.70 .261 
64 431 -64 .567 19.79 880 19.88  .947 -48 .509 20.13 .050 50 .391 
20.57 .499 -64 632 19.88 .947 19.96 .014 -70 .573 oF 116 dere of by) 
19,76 .019 -3o «=. 093 20.48 .422 20.57. . 500 Se eye -64 594 -13 =. 962 
20.26 .088 20.59 .168 20.53 .498 -70  .577 20.26 .071 20.59 .670 20.29 .040 
- - - - - - 20.00 .893 = - = = 19.76 .794 
- - - - - - 19.96  .962 - - - = 20.03 .863 
- - - - - - 20.64 .547 - - - - -53  .466 
- - - - - - -70 .613 - - - - -57 534 
5 = - - = = -50 .204 - - - = -53 .142 
- = - - = = 20.70 = .300 = = - - 20.64 .240 


342 W. BAA DIE AND Ei i 2S) WORE 


TaBLe B (continued) 


JD Vv 85 V 94 V 95 Vv % Vv 97 Vv 100 V 101 Vv 107 } 
2, 430, 000+ Mag. ‘Phase Mag. Phase Mag. = Phase Mag. Phase Mag. Phase Mag. = Phase Mag. = Phase Mag. = Phase 
PHOTOMETER MEASURES ; 
4596. 700 20.8] . 144 PAPA 674b? 20.95 .134 21.09 .201 20,62 .522 20,25 °.941 20.72 +.130 20.76 .204 
. 740 «61)) 290 20.91. .321 20.84 .199 20.89 .269 -68 .608 34 £995 -80 .194 75 ae 
781 -87 .277 21.19 394 21,04 .266 20.98 .339 -82 .698 ew ailney (G00. 78 261 -76 344 
814 78 331 20.45 .453 20.35 .319 21.02 .395 -68 .769 48.094 -81 .314 20.75 .401 
4597. 687 20.00 .758 21.16 .O11 -95 .734 20.82 .895 -84 667 -45  .269 04 .723 19.90 .93 
727 -04 = .823 15.082 Se ase, 84 963 76 .754 46.323 -20 .788 20:19 =. 970 
768 -48 .890 AOR Eat -84 866 -94 = .033 -62  .843 49 .378 a - 32.042 
. 800 1 3943 21,08 .212 798 2 918 20.96 .088 Olas oid -50  .421 -50 .906 51.097 
4598. 679 .8l «=. a6] 20.69 .783 29° 634 19.91 > (2599 20.94 .826 20.20 .604 -63 .328 20.78 ..611 
. 780 81) 545 21.03 .961 -08 .505 20.32. .770 19.99 044 19.95 .739 -62  .487 19.45 .783. 
4599, 677 so7  O1T 20.03 .562 - = 21> Te3l0 20.34 ..9%83 20.32 .945 45 «935 20.96 .327 
744 etd GPA 49.682 -98 .067 20.83 .425 <09 .139 35 - .035 sO7) 2 OSG 87 442 
. 76) 81.149 ahO) EZ IZ: 20.99 .095 20.60 .454 205 3176 -57 =. 058 84 . 071 -86 . 47] 
799 ots oral)! 20.62 .. .780 21.03 .156 Phe) AEE? 20.35 .259 42 .109 «75. N82 82 +536) 
4600. 675 20.03 .643 21.12 .34 20.40 .575 20.87 .022 19.94 .163 -43 287 20.14 .546 29° 043 
- 767 19.99 .794 19.81 .508 -64  .723 21.07 _. 180- 20.35 .363 -50 .410 19.9 ee val 20.69 .201 
4601. 681 20.81 .288 21509 =. 139 +87. 204 20.21 .748 32 = .350 -16 .640 20.81 .170 19.50 .774 
-731 -70  .370 rm - 98 1285 -60 .833 -68 .459 20.07 .707 69 2251 -76 .860 
- 763 BT Peak 21.08 .285 20.34 .337 -75 =. 888 -65 .528 19597 vez 50 -69 .30 19.97 9S 
«795 .87 474 -09 .342 19.96 .389 oT. a DAS -80 .598 20.12 .7%3 «734; 309 20.01 .970 
4602. 684 135 ~~ «930 302) 5.98) 20.89 .831 20.64 .471 69,533. fe rn!) oly 291 +76 502 
779 81.086 2112 eG -96 .001 19.88 .636 377 SAO ners ool] 46.944 20.69 .666 
4626. 686 76 7a 20.60 .765 2538) 719 19.86 .657 «651, 2713 °76 — 267 26; .533 19.52 795 
4627. 682 Gi oll 19.83 .543 -30) =. 333 20.98 .366 -46 .878 +35 =. 606 -89 =. 161 20.68 .509 
4629. 676 20.51 .062 21512 ee TOT 20.20 564 20.38 .788 20.07 .214 20.78 .287 20.69 .360 20.15 .940 
4896. 950 20.57 068 21,20 .105 20,64 .614 21.25) 3955: 20.44 .295 20.09 .717 20.07 .793 19.38 .784 
4900. 889 SO9, OOS, 316) 135 20.96 .996 20.82 .695 -46 .859 320) 2 O15) vA oley 20.64 .561 
-921 94 =, 562 Site ibe. 21.04 .048 21,08 .750 wi2 a2? -24 058 -82 .203 -82  .616. 
4923. 813 “O26 990 20 . 048 21.09 - . 139. ZEN 921 89 .698 -13° £843 370)! = SISO: -27— 008 
, 883 -55 105 PAB a FA] 20.96 .252 20.70 041 .29 = .850 25 «.. 937 20.67 .269 262 1230 
4924. 745 owe) sono 20,53" 5711 20.73 .649 20.88 .515 -88 .724 40 .0% 19.85 .660 20.89 .606 
. 827 -12 .649 99 =. 857. 21.08 .782 21.20 .656 48 1.9 50m 207 20.19 .792 19.55 .748 
4925.810 Selo). ciz2shs) 20.22 .612 20.07 .374 20.42 .328 -07 .040 239 =, 530: -68 .379 20.77 .439 
. 880 -84 .370 - - - - - = - - +26 623 +76 492 75. Oon, 
4926. 817 20.15 .902 21.25 .409 21.15 .807 20.27 =. 061 20.14 .229 20.16 .882 20.58 .005 20.73 «17 
EYE ESTIMATES 
4625. 694 20.87 .551 20.62 .995 20.64 .112 20.62 .955 20:59" 555 20.13 .932 20.48 .932 20.57 .088 
.739 IS 624 81.075 -62  . 185 -70 .032 -81 .454 soo 69d, 20,35 .004 +42. .166) 
4626. 735 off 6255 20.70 .854 -77 «801 35 = .743 the Mati P72 64 334 19.88 .614 20.00 .881 
4627. 728 29° .877 19.88 .625 20.00 .408 -57 445 -13°. .978 -09 .668 20,32 .215 -70 588 
4628. 672 07 ~—« 420 20.62 .310 -70 .%38 -70 .065 20.00 .031 13 «2.937 19.98 an7ae 64 ,212 
. 732 -70 .518 .70  .417 -70 .035 -70 .168 IS 162 -42 .018 20.13 .836 “59.36 
4629. 732 -64 .153 -70 .201 -42  .655 -57 =, 884 20.26 .336 -48  .362 -70 .450 20.29.0386 
4633. 680 +48 .609 .70  .247 oh hyd 20.00 .659 19.88 .920 20.29 .672 29> 803 19.98 .828 
-729 Sikes aek.@) oY ne Bs 270) 132 48.745 20.13 +.029 19.96 .739 59 =, 904 20.19 .914. 
4634. 670 AO eeee7: -70 014 OS ODD -64 358 -13° 073 20.03 .003 +70 421 «80! 502 
«725 20535) ) 5317, 205700 S112 20.59 .744 20.57 452 20535° «192 20.26 .077 20.50 .510 20.53 .626 | 
4923. 733 20.15 .860 20,70 .905 20,62 .011 20.70 .784 20.35 .524 20.00 .735 20.42 .339 19.83 .865 
4924. 881 19.88 .737 -64 954 -64 .869 20.70 .748 19.88  .020 ARYL. apa 19.60 .600 19.88 .841 
4925. 726 20559 2121 -19° .462 -70 .238 1h {eb 20.57. .857 42.415 20.13) .263 20.77 .294 
- 923 -64 -.440 48 = =.813 Aes }i  glekey/ 20.70 .531 42.285 -19  .680 19.91 .651 -70  .633 
4926. 708 20.00 .722 20.77 .213 -59 828 +62. .871 “.42: .990 20,00 .735 20.26 .197 -29° 981 
916 +62 .063 19.96 587 -70 .166 20.00 .230 -50 .447 ae ONT -70 .166 83° 3435 
4981. 670 20.59 .590 20.70 .305 +62, . 882 | 53.920 -42 .485 20.13 .649 20.35 .546 «29 «= SAS 
-710 19.94 .655 20.77 .377 -70 .943 20.48 ~ .988 Baye sb ¥e'4 19.98  .704 19.94 .613 20.64 .614 
.770 19.94 .753 19.83 . 484 -64 044 19.94 .091 -48 .702 19.98 .784 -88 .710 19.83 717 ~ 
4983. 663 20.26 .848 20.45 .862 -64 .111 20.13 .330 53 .818 20.50 .329 19.94 .766 20.26 .974 
. 748 -42  .987 .77 014 -70 249 53.475 .09 .003 32 444 20.57. .908 13; .120 
. 785 53.048 77 080 eV echt? -64 .539 -07. .083 +35 493 48 £962 -64 . 184 
4984. 664 -59 =. 487 Alek aesOh 233 e733 20.35 .043 -07  .996 13 =.676 -59 383 20.24 .698 
- 730 20.50 .593 -35 .766 -64 840 T7e7O0) egloo -13° .138 -09 .764 -53 .488 19.65 .810 
. 789 19.88 .691 -64 .872 20.77. 935 20.07. .257 45.266 20.00 .843 ae Doe 20.00: .911 
4985. 665 20770") sal22 -70 .435 19.94 .355 -70 = .756 ONES RIPAI a3 021 -42 997 .70 «419 
~742 -48 .248 20.00 .572 20.00 .480 -70  .887 26 «6. 338 Se PA 48 2121 BCA ries! 
. 783 20.64 .313 “19° 644 +26 = 545 -70 .958 -59 .425 ‘53 2 179 20.64 .186 -68 .620 
4986, 672 19.98  .768 hE EP) nfl) 9 aes) .50 .479 +29 = =.360 48 .376 19,83 .623 <o7, OT 
.718 20,09 .843 20.77 .314 20.64 .061 20.48 .558 20.50 .460 20.53. 437 19.98  .697 20.59 .230 
5009, 659 -64 353 = - = = = - = - = - = = 19.96 .700 
. 700 -70 .420 - - - - - - - - - - - - 19.76 .770 
5010, 649 Ae Ore - - - - - - - - - - - - 20.59 .404 
689 42.037 = = = e 2 = “ = < = 2 = Seams 
5011. 641 20.62 594 - - - - - - - - - - - - Pe ngs (8) 


-699 19.76 .688 > = = = = = = = : = & = = 20,64 .210 
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TABLE B (continued) 


ID V 112 Vv 114 ViIg9 Vv 121 V 128 V 136 V 14 Vv 145 
2, 430, 000+ Mag. Phase Mag: Phase Mag. Phase Mag. Phase Mag. Phase Mag. Phase Mag. Phase Mag. Phase 


PHOTOMETER MEASURES 


1596. 700 20.53. 908 20.39 083 20.50 .053 20.57 .378 20.69 104 20.53 262 20.49 .736 20.16 060 
.740 45.960 20.29 .145 E45 113 20.44 457 700m 167, 53° 4334 .63 835 .14 .120 
.781 49.013 19.69  . 208 50 .175 19.82  .538 N820 0 5232 43.407 53.937 .19 .183 
.814 43.056 19.52. 259 50.224 19.75  .603 20.83  . 284 .30 . .467 20.37. 019 pollu 232 

1597. 687 75.189 20.25 .609 57.538 20.59 .322 21.06 661 21.041 19.94 .184 .82  .554 
727 .62 241 50m 671 31.598 -46 ,400 20.63 .724 49.112 19.91 .283 .81 615 

768 75.294 50.735 14.660 20.15 . 481 +42 788 29°. 186 20.03  .385 68 .677 
800 77 ~:336 46.784 13.708 19.73 544 20.29 839 20.26 244 07.464 64.725 
1598. 679 88 .477 20.31 145 42: .032 20.53. 276 21.09 .227 19.55 830 37.646 22.057 
780 21.606 19.51 .300 62.183 .07 .473 20.87 .385 19.94 .010 57.894 .19° .209 
1599. 677 12.770 20.32. 687 43.532 .58 241 48.799 20.53: 627 39.119 59.567 
744 +20 .854 34.791 32.632 .50 .373 48.905 19.56 747 13.287 75.669 
761 08 =.879 48.817 09 =. 658 20.55 406 53. 732 55.778 = = 73.695 
799 24.928 20.62 .876 My es 715 19.88 .481 45.992 19.59 846 og. 421 59.752 
600. 675 46.065 19.62 .231 60 .034 20.32 .206 89 .373 20.25 .425 32.594 +22 -.078 
767 83. 184 19.90 .373 60 .172 .39 387 95.518 44.590 68 822 +16 £217 

601. 681 -81 370 20.49 .787 59 =. 548 p54 ae 187, 48.960 21.238 20.089 20.68 . 601 
.731 .64 434 46.865 16.623 -48 . 285 63.039 19: .326 Ol «213 21.08: 677 
+763 -59 476 50.914 21.671 48: .348 83.089 -08 =. 383 03.292 20.80 .725 
795 49], 517 20.64 964 03. «719 30.411 63.140 45 «AAI 09 .372 .59 774 

1502. 684 20.00 .672 19.70 .341 46.058 35163 95.543 10.047 19.578 +15 121 
.779 21.795 20.03 . 488 -99  .201 50 .350 .63 6% 19-218 39. .814 39.265 

1626. 686 .04 812 20,00 .468 49.170 26.424 78.398 .59 =. 308 45.101 53.459 

1627. 682 20.59 .104 32.009 20.04 .669 = = 57.969 “08. 108 730) -571 +20 966 

629. 676 19.84 .691 20.34 .0% 19.95  .669 20.62 .312 20.65 .114 20.10 .697 20.16 «516 20.13. 985 

896. 950 20.59 452 20.03 .540 20.32 .809 19.75  .601 20.72 .658 20.45 .432 19.94  .356 20.94 .638 

}900. 889 -03 562 .32 633 -04 .736 20.32 .357 O7an 871 abi) age 20.27 .125 +51 .602 
-921 .07 .604 -42 .683 » 19) 3784 .16 420 250" (..921 20.59 .580 19.68  .204 +75 .650 

1923. 813 275; \ .304 20.24 094 e5ilien . 227) 20.04 .497 -45 027 19.72 .850 20.62 +976 +20 .309 

883 .68 395 19.52  .202 58.332 19.72 .635 20.68 . 137 20.10 .976 20.39 +150 735.415 

924.745 .99 514 20.21 .536 -16 .630 20.60 .332 21.07. .497 -42 530 19.92 . 288 +72 .720 

827 32.620 20.30 .663 12.753 19.99 .493 20.96 .626 .09 .678 20.20 .491 +65 B44 

1925. 810 44.895 19.86 .183 70.230 20.22 429 98 176 44450 59.929 35 | .332 
. 880 - - 19.51 .291 .65 .337 19.81  .567 - - .62  ,576 20.32 .102 2 = 

926. 817 20.87. 202 20.34 .742 20.00 .748 20.34 .412 20.50 .764 20.45 .265 19.88 .426 20.75. 857 


EYE ESTIMATES 


625.694 20.53 .525 20.50 .934 19.96 .678 19.98  .470 20.09 .833 20.57 .520 20.26 .641 20.29 +997 
739 +19 2583 -48 003 20.13 .745 +88 559 +13 904 BY ee 102 -53 «753 26 025 
626. 735 +42. ~.877 +26 545 +70 245 Ja 522. +70 .477 -62  .398 +35 225 70 . 534 
627.728 +57. 164 -09 .080 -07 .738 19.96 .475 -35 041 20.59 .186 eS) 2685 .18 ©. 036 
628.672 64,389 +13 540 48.158 20.42 .334 -70 530 19.91. .888 +26 = .026 +54 465 
732 20.57. 466 +13 633 +42 .249 20.00 .452 “/5 625 20.13 .996 20.00 .175 -70 556 
629.732 19.96 764 20.00 180 20.00 .753 +35 =. 422 70.202 19.65 .798 +42 655 -13 .070 
$33, 680 20.35 .886 19.52 287 20.13 .693 45.1% +70 .429 76 4915 +21 .446 -03 047 
+729 57 =. 950 19.96 .365 19.88 .768 +42 «294 -70 = .508 19.96 .005 +42 =.570 13 =.128 
634, 670 cote 170 20.50 .819 20.64 .183 -35 =. 145 -57 990 20.13 .699 -48  . 902 +70 .546 
725 20.48 .242 20.39 .904 20.64 266 20.19 = .253 20.48 .,077 19.76 7% 20.26 038 20.70 .630 
923. 733 20.64 .201 20.48 .970 20.35 107 20, 42 339 20.42 900 20.00 .706 20.50 .778 20.13 188 
924. 881 -13° .690 ~32 746 -13 835 19.60 600 57. «e771 19.65 776 48.625 35. 926 
925.726 +26 786 20.29 .056 +29 106 20. 13 263 59.044 20.50 298 26 720 20.00 .205 
- 923 -57 042 19.96 .358 +57 402 19.91 651 81 354 64.663 19 209 42 58 
926. 708 29) 059 20.15 571 +45 582 20.26 .197 THis hyp | 42.076 3 2153 42.690 
916 70. .332 34.895 35 898 19.70 .609 35 922 77 =~ ASA 48 674 09 =. 008 
981.670 48.368 232, 593 64 .279 20.35 .423 pomeeare 42, .131 13 462 -59 =. 904 
710 +62 .420 -03 655 +48 339 19.70 .502 62.342 = = 03 561 20.42 965 
-770 29° 498 +42 .748 -3  .430 19.70 .620 50.436 48 «311 13 710 19.94 .056 
983. 663 AP 954 57.676 -3 278 20.27 .347 59 .422 20.32 73 13 404 20.26 922 
748 42 064 -45  .808 +48 406 19.76 .515 64.556 19.88 .877 13 615 13 050 
785 +70 «112 20. 48 865 20.53 462 19.83 588 -64 .614 20.03 944 50  .707 09 =. 106 
984. 664 +42. 254 19.81 .226 19.88 .785 20.53 320 +42 .002 59 =. 530 59. 889 19° £439 
+730 -48 = .338 19.96 .326 20.13 . 883 19.88 .448 70 105 70.647 42 050 42.537 
789 +35 415 20.00 .418 15) 972 19.52 .564 -70 £198 20.00 .753 20. 26 197 -42 626 
985. 665 +9? | 2551 26 773 50 .290 20.42 .289 +70 .570 70 =.332 19.94 .369 20.35 953 
742 20.00 .651 -50 .892 29.406 19.94 .441 -50  .701 64 «471 20.32 560 19. 88 069 
783 13° «67 20. 13. 954 20.62 .466 19.76 .520 19.764 62 543 +35 659 19. 88 130 
986.672 45 858 19.70 .330 19.88 .805 20.48 .272 ~62 168 53 147 48 866 20.19 477 
-718 20.53 .917 19.96 402 19.94 .874 20.19 .363 20.70 .240 20.64 .230 20.26 981 20.42 .547 
009. 659 - - 20.48 .889 - - - - os = = = = - - - 
+700 - - 20.53 .952 - - = = - - = = ~ = - - 
010. 649 - - 19.88 .420 - - - - Cc = = = - - - - 
+ 689 - - 20.00 .482 = - a = = = Ss = = = - 
011.641 - - F< - - - = = = - = - - - - 


69 - = 20.24 045 = 4 = = - - - = = = = - 
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TABLE B (continued) 


JD Vv 149 V 156 Vv 167 Vv 172 V 177 Vv 178 Vv 18 vi 189. | 
2, 430, 000+ Mag. Phase Mag. Phase Mag. Phase Mag. = Phase Mag. Phase Mag. Phase Mag. Phase Mag. Phasé| 


PHOTOMETER MEASURES 


4596..700 - = 20.09 011 20.20 .048 20.94 .056 20.53 . 182 19.80 .179 20.89 .176 19.82.17) 
.740 20.82 096 13.069 29,108 20.84 .116 .60 .249 19.86 .246 19.87 .243 19.83 245) 
781 65.156 29.129 58  .170 21.04 .178 59.318 20.21 .315 19.90 .312 20.21 .314i\t 
.814 70.205 25.78 56.219 20.75 .228 = AAG 7k 20.31 .371 20.11 .368 20.27 -369/ 
4597. 687 14.498 38 436 75.527 42 545 125.848 21.16 .841 20.98 . 835 21.02. 
727 27.557 51.494 64.587 40.606 132.915 20.86  . 908 21.16 .902 20.99. 905! 
.768 - z 64.552 77a 648 67.668 39.984 78.977 20.99 .971 .89  .974 
. 800 24 665 67.599 89 .696 Ge, ALS 48.038 .88 081 94.025 77.028 
4598. 679 63.968 20.30 .870 514 01k 20.80 .042 \ 70.524 20.64 .513 76 504 99.507 
.780 S76. RATS 19.98 .014 51.164 21.12 .195 .09 1693 21.02 .682 63 .672 20.98 .677| 
4599. 677 31. 444 20.13 .309 62.508 20.51 548 39,207 19.75 .192 20.82 .179 19.99. 186 | 
74h 42.544 26 406 59 608 68 =. 649 44.320 20.20. 304 19.81 292 20.26  .299 
.761 15.569 57.431 78.634 62.675 .51 348 2G) aad 19.96  .320 42 13m 
.799 32.625 62. 486 78.690 9% 732 42.413 27.399 20.24 .384 35.391 
4600. 675 63.922 20.73.75) 21.008 20.83 054 .20 .891 94.872 96.856 20.82 .864 
767 83 058 19.88 883 42.140 21.09 198 60 047 95.028 78.011 21.02 020 
4601. 681 42.412 20.45 .203 81 .509 20.48 572 54.589 81.566 -50  ,547 20.73 .558 
.731 26.486 21) 6275 57.584 -81  .650 20.22 .674 98.651 7.631 84.642 
763 19.533 42.322 375 e632 69 69% 19.94 .728 20.95 705 87.685 95.696 
795 24.581 58.368 77.680 183.744 20.19 .782 21.16 .760 95.738 94 .7AD | 
4602. 684 64.898 63.653 13.014 95 083 77.282 20.03 . 255 04 .234 245 || 
779 82.039 54.790 20.42 .157 20.49 .227 20.64 443 50.416 14.394 i} 
4526. 686 27. «437 14 es10 19.84 .9%68 19.76 .293 19.91  .798 .83 672 20.50 .568 
4627. 682 64 911 45.749 20.76  .459 20.80 .796 20.62 479 24 349 19.96 .242 
4629. 676 20.73 . 864 20.50 .628 20.67 . 446 20.96 804 20.08 .845 20.96 .707 20.59 .592 
4896. 950 20.21 .617 20.91 .572 20.26 .823 20.96 .013 20.20 .004 21.03 770 21.09 746 
4900. 889 -51 449 13.260 .70 .724 94. 9A7 19.94  .653 20.46 402 20.03 366 
921 16.497 19.306 pas 772 95.995 19.81 .707 49 456 20.32 .420 
4923. 813 53.3% 45.362 26.064 38 540 20.78 .348 98 004 21.09 .890 
. 883 32.4% “42.463 AZ £169 Rep meECAS -80 .466 .22 122 20.81  .007 
4924, 745 49. .773 .65  .708 -80 460° .95 945 AG Gaal -88 .574 44 456 
.827 .68 894 60 °,826 92.583 -80 069 20.25  ..060 Ay 20.81 594 
4925.810 69  .350 19.246 30.055 .29° «552 19.88 719 E20n meer, 19.83 - .246 
. 880 35. 453 56.347 48.160 76.658 = = = 2 = = 
4926.817 20.69 .841 20.56 700 20.77 .564 20.88 .069 20.80 .419 20.95  .063 21.14 938 
EYE ESTIMATES 
4625. 694 20.57 .968 20.29 .878 20.57 . 482 20.70 .79 20.70 :123 20.77. .002 20.70 .901 
.739 59.035 42 943 57 549 64 864 7 199 JL. s077, 70 .976 
4626735 42: .511 20.48 .383 -35 042 13.367 53.882 .89  .756 20.57 .652 
4627.728 45: 980 19.76 .815 64 528 20.77. 865 .68 557 59.427 19.72 .319 
4628, 672 35.377 20.00 .178 .09 .942 19.76 .290 .70 .150 87 016 20.59 .905 
.732 129 Abb 48.265 26 © 032 20.00 .380 .70 252 20.45  .118 59 006 
4629. 732 64.947 64.709 -59 531 70 888 42.940 21.03 802 20.53  .687 
4633. 680 42.798 26.410 64,445 64 844 20.70 .604 20.50 .449 19.76  .321 
.729 64 867 57.482 20.64  .520 20.70 .918 19.9%  .688 .50 .533 20.11 .405 
4634. 670 48.259 20.26 .839 19.70 .928 19.91  .338 20.62 .275 119.116 50.985 
725 20.48 .340 19.72 .919 19.91 010 19.98 .421 20.50 .368 20.00 209 20.64 .077 
4923. 733 20.48 .274 20.32 .246 19.76 .944 20.42 418 20.77. .213 "21.03 - .870 20.42 755 20.57 .378 
4924. 881 -53 .974 13.904 20.45 664 70 150 57.151 21.03  .803 vez 688 19.309 
4925.726 70° 225 20.00 .124 19.96 .929 13,425 UeZON e577 19.55  .225 164.104 64.729 
9B -19 .517 64.409 20.57 .225 7.723 42.910 20.57 .557 109.436 .70 061 
4926.708 35.678 45. 5Al .70  .399 77.904 70.233 20.70 .877 64.753 57.383 
916 59.989 19.844 75.714 53.220 70 .588 19.81 231 70 .106 77) 738 
4981. 670 53.06] 13.907 57.734 ‘77 «822 70 O11 20.11. 430 64.118 57 851 - 
.710 70.121 13.965 20.26 .794 70.884 70. .078 MG 20.00 . 185 62.918 
770 70 .210 .19 052 19.88 . 884 .50 .978 .64 . 180 50.598 19.74 286 20.64 019 
4983. 663 64.013 20.26 785 20.57 719 62.828 59.375 77.786 20.19 468 19.88 .204 
748 59.138 19.70 .908 20.09 .847 77.956 64.519 64.929 64.610 20.13 .348 
785 48.198 19.94. 961 19.94 .902 57.012 53.581 70 .991 42.673 35.410 
4984, 664 29.496 20.48 .232 20.13 .220 13.340 64 066 29.473 20.64 .151 70.888 
730 29.592 48.326 70 .317 26. 438 70.176 64.582 19.76 .261 70 |.999 
789 42.680 64 411 70  . 405 48 527 70 .276 20.87 .682 20.07 .360 64.098 
A985. 665 57.977 57.676 vo2e e718 70 .849 .07  . 755 19.76 .157 70 .832 57.572 
742 59 091 42.787 20.13. 834 164,966 13,884 20.00 .286 .70 .961 77: |. 702 
783 -70  .150 26.845 19.88 .893 20.70 .026 48. 952 26 © 354 257.029 70.769 
4986. 672 .07 468 15.130 20.48 226 19.96 368 59.454 57,852 19.524 20.00 266 
718 .21 536 20.07 .197 20.57 .246 20.19 437 20.70 .532 20.70 .930 20.48 .601 19.96  .344 
5009. 659 13.505 = 3 i = = = Z et fe 2 e E S % 
700 B29) 2566 = = = = = s z = = 2 is £ = 
5010. 649 64.971 = a 5 = s a £ S x a e e < 
689 70.030 = = z 5 5 z = & = = e < 2 2 
5011.641 42.440 - 2 3 = a <: = p s gh E © : 5 
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TaBLeE C. Magnitudes and colors of 624 stars in the Draco system, 


RING A 
Star Stor Star 
Sector No. B Vv B-V Sector No. B Vv B-V Sector No. B Vv B-V 
| 15° 1 21.85 21.20 +0.65 105° 71 20.52 19.84 +0.68 225° 140 21.72 20.91 +0.81 
| 2 19.36 18.41 95 72 19.39 18. 28 111 141 20. 40 19.75 65 
E 20.39 19.54 85 Ww 21.50 20.63 87 
4 18.93 18.15 -78 135° 73 21.81 20,87 94 142 21.27 20.29 -98 
5 21,29 20.38 ard 74 21.15 20. 23 -92 143 20.73 19.83 -90 
6 21.87 19.98 1.89 75 20.20 19.14 1.06 144 21.78 21.07 7\ 
7 21.52 20.77 3/5 Cz 17, 48 16, 13 1.35 145 21.64 20.83 81 
8 21.73 20.96 77 76 20. 68 19.76 +92 146 19.54 18.60 94 
9 21.79 20.96 -83 77 20. 64 19.68 ~% 147 21.72 21.01 71 
10 20.41 19.44 BO: 78 20.35 19.38 97 148 19.40 18.00 1.40 
1 18.73 17.58 1.15 79 21.%3 21.09 84 149 19.49 18.37 1.12 
12 21.80 21.14 66 80 20.69 19.95 74 150 20.50 19. 83 67 
3 21.59 20.78 81 81 20.61 20. 02 59 151 21.35 20.45 90 
14 21.55 20.72 83 K 19.17 18.15 1,02 152 20.47 19.58 89 
15 19.23 17.82 1.41 82 20. 62 19, 87 +75 1533 19.29 18.28 1.01 
16 20.55 19.60 95 J 18.95 17.29 1.66 154 21.21 20.14 1,07 
17 21.31 19.44 1.87 83 21.91 21.02 -89 155 20.45 19.70 75 
P 20.15 19.45 .70 84 19.50 18.70 .80 156 21.44 21.17 27 
18 21.54 19.85 1.69 85 20.89 20. 03 86 157 20.66 20.00 66 
fe} 19.94 18.98 a) 86 20.45 19.83 62 
R 20.56 19.90 66 87 21.80 20.96 84 255° 158 20.75 19.94 81 
Q 20.32 19.40 92 88 21.35 20.29 1.06 159 21.01 20. 02 99 
89 20.90 19.90 1.00 160 21.52 20.56 96 
45° Ql 20.45 19.44 1.01 90 19.39 17.88 1.51 161 21.52 20.56 +96 
9 21.15 20.23 a92 M 19.61 18.67 94 léla 21.72 20.21 1.51 
20 21.59 20.62 +97 91 20.60 19.70 -90 A 16.06 15.30 76 
21 21.65 20.77 -88 92 20.38 19.64 74 162a 21.71 21.10 61 
22 19.15 18.14 1.01 B 21.35 20. 45 -90 162 21.80 20. 08 1.72 
23 20.72 19.83 .89 x 21.63 20.74 89 163 20.00 19.01 99 
24 18.42 17.13 1.29 iY; 21.68 20. 87 81 D 17.73 17.36 37 
25 21.15 20.15 1.00 F 18.44 17.79 65 
26 21.79 21.14 65 165° 94 22.06 20. 54 1,52 164 20.81 20.73 0s 
27 21.10 20.07 1,03 95 21,27 20.30 -97 166 19.98 19.01 97 
28 20.61 20. 02 759 % 20. 62 19.76 86 167 21.39 19.59 1,80 
29 21.80 21,09 ArA 97 20.26 19.21 1.05 168 20. 57 19.62 95 
30 21.59 20.78 81 Q2 20,44 19.43 1,01 169 20.96 19.89 1.07 
31 16.42 15.55 87 99 20. 56 19.60 -% 170 21.67 20.88 79 
32 19.86 18.92 94 100 21.80 20. 88 92 171 19.81 18.77 1,04 
33 19.40 18.70 70 101 20. 66 19.64 1.02 172 19.82 18. 87 95 
34 17.82 16.85 APA 102 20.78 19.76 1.02 173 21.45 20.49 % 
35 20.35 18.65 1.70 103 21.16 20. 05 1 174 21.68 20. 68 1,00 
36 20.78 20.02 -76 104 21.51 20.64 -87 175 20.74 19.75 99 
105 21.95 20. 90 1,05 176 20.84 19.75 1,09 
75° 37 20.35 19.72 63 106 20.35 19.19 1.16 177 19.98 19.13 85 
38 19,42 18,53 89 107 21.57 19.88 1.69 178 21.81 20.98 83 
39 20.75 20, 07 68 108 20.19 19,11 1, 08 179 21,80 21.08 72 
40 21.66 20.80 86 109 20.79 19.76 1,03 180 21.33 20.31 1,02 
4 19.25 18.28 seed 110 21.60 20.73 87 Cc 16.96 16.16 -80 
42 21.47 20.32 1.15 inh 20.23 19.20 1.03 
4B 20.65 20.02 -63 112 21.53 20.29 1,24 285° Zz 21.79 21.11: 68: 
M4 20.80 19.80 1.00 113 21.48 20.31 tks 181 21.72 21.02 70 
45 18.76 17.68 1.08 114 19.66 18.64 1.02 182 21.85 21.17 68 
4% 20.56 20.03 -53 115 19.98 19.01 97 183 20.20 19.28 92 
47 21.54 20.55 +99 116 20, 05 19.00 1,05 184 20. 68 19.90 -78 
48 21.28 20,30 98 117 21.40 20. 41 99 185 21.65 20.89 76 
49 18.10 17.00 1.10 118 20. 98 20, 04 94 186 21.82 21.06 76 
50 19.80 18.84 9 187 21.61 20. 63 -98 
Sle 20.18 19.21 97 195° 9 18.61 17.45 1.16 188 20.35 19.32 1,03 
52 20.63 19.95. 68 120 19.11 18.29 82 189 21.77 21.08 69 
53 21.12 20.04 1.08 121 20.97 19. 89 1,08 190 21.74 21.07 67 
54 21.65 21.20 45 122 19. 08 17.90 1.18 191 20.69 20.05 64 
a 21.88 21.19 69 123 19. 62 18.66 % 192 20.52 20.38 14 
B 21.96 21.43 53 H 19. 05 18. 13 92 193 19.54 17.93 1.61 
55 20, 08 19.18 90 124 20. 56 19.82 74 194 19.24 18.18 1,06 
125 21.65 19,80 1.85 195 19.43 18.51 92 
105° e 18.00 16.91 1.09 126 20.28 19.24 1.04 196 21.60 20.96 64 
s 20.60 19.62 -98 127 21.10 20.10 1.00 197 20.44 19.70 74 
56 21.09 20,18 a | 128 21.41 19.58 1,83 198 20.80 19, 84 96 
57 21.48 20. 48 1.00 129 21.05 20. 09 96 199 20.26 18.54 1.72 
58 20.85 20.06 79 130 21.15 20.07 1. 08 200 21.79 20.93 86 
59 20.14 19.14 1.00 131 19.96 19.14 82 201 21.91 21.15 76 
60 21.32 20.18 1.14 132 21.22 20. 25 97 202 19.36 18.51 85 
61 20.68 19.95 273 133 20,35 19.50 85 203 21.20 20.21 99 
62 20.34 19.05 1.29 134 20.51 19.59 92 204 20.51 19.44 1,07 
63 20.20 19.90 -30 135 20. 41 19.57 84 205 20.49 19.98 aol 
64 20.74 19.70 1,04 136 20. 08 19.38 70 206 21.42 20. 23 1.19 
65 20.72 20. 02 -70 U 21.16 20.33 83 207 20.68 19.80 . 88 
66 21.18 20.15 1,03 137 20.61 19.62 Pid 208 20.80 19,26 1.54 
67 20.40 19.42 98 T 20.77 19.84 3 G 18.68 17.57 ww 
68 19.50 18.26 1.24 138 20.55 19.52 1.03 
69 21.01 19.95 1,06 v 21.34 20.43 +91 315° 209 21.62 20.90 -72 
70 16.93 15.93 1.00 139 20.61 20. 00 61 210 21.58 20. 87 71 
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TABLE C (continued) 


RING A (Cant'd) 


Ster Star Star 
Sector No. B Vv B-V Sector No. B Vv B-V Sector No. B v B-V 
315° 211 20.35 19.43 40.92 315° 221 21.66 20.08 +1.58 345° 229 21.12 20.10 +1.02 
212 20.46 19.99 47 222 20.56 19.94 -62 230 21.59 20.81 -7% 
213 20.50 19.75 75 223 20. 13 19.07 1.06 231 21.28 19.54 1.74 
214 21.46 20.68 78 224 21.67 20.90 -77 232 20.41 19.50 91 
215 18.77 17.87 -90 225 21.67 20.89 -78 233 21.81 21.15 66 
216 20.27 19.63 64 226 21.65 20.82 -83 234 20. 63 19.75 88 
217 20.84 19.38 1,46 227 20.57 20. 02 55 235 21.00 19,97 1,03 
218 21.16 20.30 86 228 20.72 19.70 1,02 236 21.39 20.39 1.00 
219 19,40 18, 46 94 L 19, 23 18,24 99 237 22.00 20.81 1.19 
220 20.41 19.50 +91 345° N 19.74 18. 86 88 cl 17.24 16.28 9 
RING B 
15° 24) 21.04 20.40 +0.64 105° 308 21.60 20.67 +0.93 Z25° B 16.70 16.03 +0.67 | 
242 21.33 20.52 -81 —— 
243 21.24 20.29 ae] 135° 309 21.81 20.98 83 255° 375 22.15 20.64 1.51 
244 20.69 20.09 60 310 20.73 19.62 eagle 376 20.33 19.57 76 
245 20.30 19.60 -70 311 20. 44 19.58 - 86 377 19.49 18.66 83 
246 21.55 20.73 ~82 312 19.71 18.76 95 378 17.90 17.47 4 
247 20.47 19.76 +71 313 21.04 19.86 1.18 379 20.36 19.43 -B 
248 16. 92 16.98  -0,06 314 20.51 19.51 1.00 . 380 21.39 20.55 84 
249 18.58 17.24 +1.34 315 20.49 19. 85 64 381 20,57 19,57 1,00: 
250 20.61 19. 98 63 316 20.61 19.81 -80 382 20.57 19.63 +94 
251 21.35 20.45 -90 317 20.39 19.37 1,02 383 21.71 20.99 nie 
252 20.25 20.03 +22 318 20.62 19. 86 76 384 20.68 20. 06 62 
253 22.15 20.71 1,44 319 21.10 19. 98 1.12 385 20.66 20.11 ae) 
320 20.73 19.90 83 386 20.08 19.13 95 
45° 254 19.37 18.50 .87 321 21.10 20. 09 1,01 387 21.77 21.07 70 
255 21.77 20.10 1.67 322 19.76 18.71 1.05 388 21.70 20.95 +75 
256 20.76 19.69 1.07 323 21.94 21.08 ~ 86 389 20.85 19.83 1.02 
257 17.50 16,20 1.30 324- 19. 46 18.49 rif 390 20.61 19.76 85 
258 20.64 19.83 81 325 21.00 19.95 1.05 391 20.67 20.07 +60 
259 20.50 19.78 +72 326 19.43 18,34 1.09 392 19.54 18.45 1.09 
260 21.45 20. 45 1.00 327 20.29 20.05 -24 393 20.57 20.01 56 
261 21.26 20.37 -89 328 19.34 18.36 9 394 20.96 20.01 95 
262 21.16 19.56 1.60 329 20.35 19.30 1.05 395 20.61 19.63 9 
263 20.40 19.61 -79 330 20. 90 19. 96 94 396 20.61 19.64 97 
264 20.98 19.56 1,42 397 20.69 20.01 68 
265 20.57 19.93 +64 165° 331 20.41 19.52 89 
266 20.67 19.95 -72 332 21.72 20.85 -87 285° 398 21.66 20.87 ake 
333 21.72 20.90 -82 399 21.22 20.31 91 
faye) 267 18.48 17.06 1,42 334 20. 66 19.90 -76 400 20.98 20.17 81 
268 21.30 20.37 -7 335 19.19 18.07 qe 401 19.51 18.54 Ch rf 
269 20.35 19.36 99 336 21.29 20.39 +90 402 21.52 20. 63 89 
270 20. 67 19,96 +71 337 20.56 19.82 -74 403 21.24 20,37 -87 
271 20.44 19.52 ane 338 17.13 16. 43 -70 404 20.53 20.02 ABH 
272 21.81 21.10 71 339 21.40 20.51 -89 405 20.74 20.06 68 
273 19.25 18.28 97 340 20.26 19.20 1,06 406 22.07 20. 44 1.63 
274 21.74 20.99 «75 341 21.40 20, 40 1.00 407 19, 82 19.00 82 
275 20. 68 20.01 67 342 20.39 20.07 +32 408 20.15 19.57 58 
276 20.67 19.96 +71 343 18.79 17.52 1.27 409 20.81 19.90 ae | 
277 21.65 20.89 -76 344 21.04 19. 98 1,06 . 410 20.07 19.25 -82 
278 17.49 16.74 -75 345 20, 80 20. 03 VLA 411 19.53 18.66 .87 
279 17.19 16. 46 -73 346 20. 46 18.76 1,70 412 _ 20.36 19.89 47 
280 21.14 20.28 86 e 413 20.84 19.94 +90 
281 19.05 18.02 1,03 195° 347 20. 46 18. 94 1,52 414 17.95 16,54 1.41 
282 17.63 16.70 -% 348 19.15 18.28 - 87 415 21.85 21.25 60 
283 20.63 20, 53 -10 349 21.46 20. 46 1.00 416 21.35 20.45 +90 
284 21.78 21.12 66 ‘ 350 19,20 18.21 79 
s 351 21.21 20. 28 8 315° 4l7 19.70 19.29 Al 
105° 285 21.62 20.02 1.60 352 21.29 20.52 Soe, 418 20.80 20.09 71 
286 18.90 17,69 1.21 353 21.09 20. 02 1.07 419 17.73 17.16 -57 
287 21.39 20. 00 1.39 354 18.49 17.92 Hrd 420 20.78 20.09 69 
288 19.56 18.75 -81 421 20.79 19.94 85 
289 21.67 20.78 89 225° 355 20.60 19. 86 74 422 18.78 17.91 -87 
290 20.24 19.19 1,05 : 356 20.78 19. 80 7% 423 19.91 19.11 +80 
291 20.35 19.61 74 357 21.46 19.82 1.64 424 19,47 18.68 JS? 
292 21.49 20, 47 1.02 357a 20.39 19.64 75 425 19.41 18,45 96 / 
2%3 19.14 18.10 1,04 358 19, 00 17.99 1.01 426 21.80 21.26 54 
294 20.96 19581 Se ats 359 21.66 20. 44 1,22 427 19.05 18.06 9 
295 21.40 20.39 1,01 360 20. 62 19,91 +71 428 20.13 19.17 96 
296 21.36 20.32 1.04 361 18.74 17.46 1.28 429 21.62 21.00 62 
2977 18.93 17.75 1.18 362 21.02 20.01 1.01 430 20.13 19.36 77 
298 20, 44 19.47 +97 363 20.99 19.95 1.04 431 20.19 19.61 58 
299 20.65 19. 98 -67 364 21.60 20.61 oes 432 21.61 19. 83 1.78 
300 19.74 18.72 1,02 365 20.39 20.10 -29 ‘ 
30] 21.61 20. 64 97 366 21.16 20.32 +84 345° 433 20.45 19.77 -68 
302 20.50 19.55 95 367 20, 07 19.26 81 434 21.40 20.63 77 
303 21.80 21.08 Vis 368 20.13 12620 3 435 19.57 18.64 -% 
304 21.61 20.71 9 369 20.93 19. 96 97 436 19,60 18.87 73 
305 20.24 19.14 1.10 370 22.16 20. 80 1.36 437 18.62 17,40 1.22 
306 20.76 19.69 1.07 371 21.67 20. 98 69 438 20.51 19.64 +87 
307 21,35 20.25 1,10 372 20.50 19.57 2 49g 21.48 20. 80 68 
373 21.91 20.89 1.02 440 20.63 19.75 88 


374 19. 98 18.97 1.01 44) 20. 83 20. 17 +66 


ane 
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TABLE C (continued) 
| RING C 
z 
| Star Stor Stor 
¥| Sector No. 8 Vv B-V Sector No. B Vv B-V Sector No. B v B-V 
15° 442 20.40 19.59 +0,81 135° 498 20.85 19.70 +1.15 255° 553 20.78 19.75 +1.03 
4 443 20.27 19.38 89 499 18.98 18,23 75 554 21.25 20.29 9 
444 22.07 20.97 1.10 500 19.66 18.65 1.01 555 19.78 18, 86 92 
| 445 - 21.58 20.80 .78 501 20.75 19. 96 79 556 20.95 20.03 92 
446 20.13 19.37 76 502 20.74 19. 88 86 557 21.51 20.73 78 
| 503 21.50 20.47 1.08 558 19.49 18,59 90 
E 504 21.90 20.99 1 559 20.67 19.75 92 
|| ase 447 20. 46 19.53 no3 505 20.62 19.57. 1.05 560 20.14 20.02 12 
448 19,82 18.93 .89 506 18, 95 17.86 1.09 561 21.39 20.55 84 
449 18.63 17.54 1.09 507 20.76 19.96 80 
‘ 450 20.18 19.52 . 66 508 21.15 19.96 1.19 
451 21.26 20.32.94 509 21.66 20.74 92 285° 562 18.63 17.16 1.47 
452 21.58 20.88 .70 563 21.41 20.53 88 
453 20.98 20.02 .% 564 21.08 20.07 % 
454 21.47 20.69 78 165° 510 20.53 19.44 1.09 565 19.81 18.97 84 
455 20.51 19.69 82 511 19.90 18,84 1.06 566 20.85 19.38 1.47 
456 20,62 20.00 .62 512 20. 86 20.00 86 567 21.13 20.19 94 
457 21.60 19.85 1.75 513 19.71 18.60 1.11 568 20.30 20.20 10 
458 20.37 20.23 14 514 21.80 20.72 1.08 569 20.93 19.94 99 
459 20.75 19.96 .79 515 21.61 20.61 1.00 570 21.65 20.97 68 
460 21.66 20.88 .78 516 21.53 20.46 1.07 571 20.61 20.09 52 
46] 18.94 1S 1579 517 18.52 18. 45 07 572 21.09 20.23 86 
462 19.07 18.08  .99 518 21.78 20.70 1.08 
463 20.98 20. 46 252 519 21.10 20.01 1.09 
464 20.56 20.02 54 520 18.60 17.70 90 315° 573 19.59 18.69 90 
465 22.05 20.47 1.58 521 20. 68 19.91 7 574 21.92 20.30 1.62 
466 20.75 19.89 86 522 19.15 1797 Tas 575 19.45 18.54 91 
576 18.33 17.01 1.32 
577 21.24 20.38 86 
75° 467 21.21 20.09 1.12 195° 523 21.34 20.38 % 578 19.82 18.24 1.58 
468 19.52 18.66  .86 524 21.71 20.31 1.40 579 21.07 20.17 90 
469 20. 03 19.02 1.01 525 21.85 20.02 1.83 580 20.72 20.07 65 
470 19. 45 18:52) ess 526 20. 40 18.54 1.86 581 18.89 17.68 1.21 
471 20.66 19.64 1.02 527 16.94 16.40 54 582 21.59 20.44 1.15 
472 19.61 1910. <5I 528 20.51 19.52 9 583 20.95 20.96 -0.01 
4723 18.68 17.44 1.24 529 21.16 20.20 % 
474 20.98 19.97 1.01 530 21.30 20,32 98 
475 20.57 19.71 86 531 21.73 20, 88 85 345° 584 20.56 19.01 +1.55 
476 20.63 19.82.81 532 21.66 20.73 3 585 17,42 16.76 66 
477 20.76 20.02.74 533 20.91 20. 09 82 586 18.59 18, 13 46 
478 20.79 19.76 1.08 534 21.21 20.18 1.03 587 21.73 20.91 82 
479 21.71 20.55 1.16 535 21.35 20.38 7 588 20,92 20.16 76 
480 19, 86 19.25 .61 589 20.30 19.53 7 
590 21.73 20.60 1.13 
225° 536 18.54 16.98 1.56 591 21.11 19.45 1.66 
105° 481 18. 44 17.61 .83 537 19.72 18.63 1.09 592 20.91 20.16 75 
482 20.97 19.87 1.10 538 17.19 16,72 47 593 19.69 18.76 93 
483 20.79 20502) *< 77: 539 20.60 19.63 7 594 19.76 18, 86 90 
484 20.67 19.92 75 540 18.57 17.87 70 595 21.46" 20.72 74 
485 20.63 19.70 93 54] 21.09 20.13 % 
486 21.07 20,02 1.05 542 20.33 19.35 98 
487 21.07 19:82 91:25 543 22.07 20.61 1.46 
488 20. 86 19.74 1.12 544 19. 82 18.80 1.02 
489 20.87 20,08 81 545 19.70 18.23 (1.47 
490 18,75 17.48 1.27 546 20.97 20.01 % 
491 20.90 19.83 1.07 547 21.60 20.71 89 
492 21.66 20,71 95 548 20. 96 20, 02 94 
493 20.35 19.20. 1.15 549 21.72 20.98 74 
494 17.34 16.20. 1.14 550 20,23 19.47 7% 
495 18. 42 17.00 1.42 551 19.77 18,93 84 
496 21.26 20.21 1.05 552 17.67 16.38 1.29 
497 20.97 20,02. .95 
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Fhotcelectric Observations of SX Fhoenicis* 
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Three-color photoelectric observations obtained with the 24inch Victoria refractor of the Cape Observ- 
atory in September 1960 are given for the very short period variable SX Phoenicis. Although it has been 
suggested by Wood that both the primary and secondary periods of this star are changing at different 
rates, it is shown that all available observations of SX Phe may be satisfied by constant primary and a) 
secondary periods which differ only slightly from these given by Walraven. 


HREE short series of observations of the very 
short period variable SX Phe were made on the 
nights of 1960 September 5, 8, and 13 using the photo- 
electric photometer of the 24-inch Victoria refractor of 
the Royal Observatory, Cape. 

The variable was compared with E-region standards 
at approximately equal altitudes as described elsewhere 
(Kinman 1961). Since the primary period of the 
variable is only 0.055 day (79 minutes), three-color 
observations of the variable were made at intervals of 
from three to four minutes and the comparison stars 
were observed at intervals of from 20 to 30 minutes. 
All observations were made with secs<1.18 under 
conditions in which the maximum change in the zero 
point of the visual magnitude between adjacent 
measures of the comparison stars was 0015. The rela- 


tive errors of the magnitudes of the variable on a gi 

night are unlikely to exceed this value and are pro’ bal 
somewhat lower~The Brown recording potentiagg 
was run continuously throughout the observatio 1S 
that the deflections in different colors could be inj} 
polated to a given time, which is unlikely to be in er| 
by more than 30 sec (0.0004 day). 

The magnitudes and colors were reduced to 
system of the E-region standards given in CG 
Mimeogram No. 5 and further adjusted by the sm 
corrections given by Cousins (1960). The final vali! 
of V and B—V given in Table I are on the Jo 
system, while (w—8), is the natural ultraviolet 1 
of the Victoria refractor. 

According to an extensive analysis by Walray 
(1953, 1955), SX Phe has a primary period Py | 


Taste I. Photoelectric observations of SX Phe. 


yD JD 
(heliocentric) V B-V (u—b)- (heliocentric) V B-V (u—b). 
2437 2437 
183.3728 7.38 +.23 1.545 186.4193 (ESS) + .24 45d 
.3755 7.40 .26 1.525 -4221 7.295 .24 £51 | 
.3783 7.43 26 1.52 -4248 7.245 oe 1.535 " 
.3811 7.45 27 1.525 -4269 Ie2t5 eA 1353 ; 
. 3839 7.46 28 13525 .4297 -, 4.155 .20 1.535" } 
. 3922 7.505 ao .4318 PS .185 1.545 4 
.3950 Geae Ad; P52 .4346 7.095 .18 1.545 
.3971 7.50 C2 1S .4429 7.135 205 1253 y 3 
. 3998 7.47 24 yf 515 .4457 TALIS .20 1.54 } 
.4026 7.39 .24 1.2525 -4485 1225 J215 P53 Z 
- 4054 HAS 222 1.545 .4505 TADS 522 1753 1 
.4151 7.01 .16 1.54 gz 
.4179 7.10 18 1.54 191.3941 7.285 Ja2. 1255 F 
- 4206 7.20 .20 1.535 . 3969 7.32 .24 1.53 
4235 7.30 SA) 153 . 3989 7.34 525: 1.525 
-4262 Teo <2e E53 .4017 7.375 225 1.54 / 
.4290 7.41 25 1.545 .4101 7.41 .26 1.535 q 
.4387 eo eH) 1253 -4121 7.41 .26 1.535 
-4415 71.52 .28 1253 -4149 7.405 e25 17535 ‘ 
-4443 e515 29 1752: ALT7 W305 .27 11.525 : 
4471 7.515 27 1.52 4205 7.365 24 1,525 
-4498 7.495 26 iS y -4233 1233 .26 1.5 . 
.4526 7.445 26 1253 .4253 7.265 .24 12525 
-4281 7.205 .20 1.535 { 
186.3971 Sl <25 1253: -4309 - AAS +.195 1.535 
. 3998 Woes es) 15553 
-4019 7.38 .26 1253 a 
-4054 7.425 26 TESS a 
4144 7.375 5 1.515 
-4165 TEOOS +.24 12525) 


* Lick Observatory Bulletin No. 570. 
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TasLe IJ. Analysis of observed maxima. 
Corr. 
4 Corr. O-C 
Obs. maxima Asc. br. Ge O-€ Ad O-C days Eo 
JDo comp. days phase WVeomp. by phase phase (e) 
2433 
923.9596 9537 + .0059 +.107 984 0.00 +.003 +.110 + .0060 —5023 
924.0131 -0087 + .0044 + .080 -261 +.040 +.120 + .0066 —5022 
926.9277 -9218 + .0059 +.107 .376 +.016 +.123 +.0068 —4969 
926.9892 .9768 +.0124 =1 200 694 — .046 +.210 +.0115 —4968 
927.0392 -0317 +.0075 ar LS) .954 — .003 + .133 + .0073 —4967 
927 .0934 -0867 + .0067 122 235 + .038 +.160 + .0088 — 4966 
927.1524 . 1416 +.0108 +.196 541 — .026 +.170 + .0093 —4965 
927.2072 . 1966 +.0106 +.193 825 — .028 +.165 + .0090 —4964 
2434 
ker and 966.8569 - 8445 + .0124 + .226 . 190 +.04 — .041 + .267 +.0147 13951 
966.9160 - 8994 + .0166 = 7302 496 +.027 +.275 +.0151 13952 
966.9705 9544 +.0161 =-e203 .779 +.028 +.265 +.0146 13953 
967 .8461 .8338 +.0123 +.224 320 — .026 +.250 +.0137 13969 
967.9064 8888 +.0176 +.320 632 +.041 +.279 +.0153 13970 
967 .9586 9437 +.0149 Se eul 902 +.002 + .269 +.0148 13971 
2436 
158.9819 -9630 + .0189 +.344 Zou +.10 — .026 +.370 + .0203 35640 
175.9674 -9469 + .0205 2913 334 — .005 +.378 +.0208 35949 
176.0257 .0019 + .0238 +.433 -636 + .038 + .395 +.0217 35950 
183.9910 9717 + .0193 =n S01 -942 — .020 + .371 + .0204 36095. 
184.0447 .0267 +.0180 + .327 225 — .030 +.357 +.0196 36096 
2437 
183.4125 3857 + .0268 +.487 -693 +.19 +.014 +.473 +.0260 54278 
observations 186.4365 4088 +.0277 +.504 374 + .032 +.472 +.0259 54333 


05496420+0.00000005 day and a beat period P, of 
192836+0.000002 day, which is the result of inter- 
rence between the primary period and a secondary 
eriod P; of 0.04277268 day. Wood’s (1959) recent 
bservations show that the light curve has shifted in 
hase with respect to Walraven’s ephemeris, and Wood 
educes that the primary period has lengthened relative 
° the beat period, so that Po has increased relatively 
nore than P,. 

Table II gives an analysis following the method given 
'y Wood of the following observed maxima: two from 
he present observations, five observed by Wood, six 
ibserved by Walker and Wilson (1956), and eight 
ibserved by Eggen (1952). Column 1 gives the sources 
ind column 2 gives the JDo of the observed maxima. 
Solumn 3 gives the JDo of the moment when the pre- 
eding ascending branch reaches median magnitude as 
alculated from Walraven’s ephemeris: 


JDe 2434200.0389-+-0°0549642 E. 


The difference in days between columns 2 and 3 is 
riven in column 4 and as a fraction of the primary 
yeriod (i.e., as a phase ¢) in column 5. Column 6 gives 
he phase y of the observed maxima in the beat period 
iccording to Walraven’s ephemeris: 


~ p= (JDo—2434200.1039) /0.192836. 


Ti ¢ is plotted as a function of y, the points should 
ie on a curve similar to the relation between Ad and y 


given by Walraven (1953, Fig. 1), but shifted in ¢ by 
the mean difference in phase between the moment of 
maximum and the moment when the preceding ascend- 
ing branch reaches median magnitude. As Wood found, 
there is also a shift in w of dy (given in column 7) 
between the observations and Walraven’s ephemeris. 


Fic. 1. Eo=cycle number of the primary period (zero at 
JD, 2434200.0389) ; e=difference in days between the moment 
of maximum and the moment when the ascending branch reaches 
median magnitude as given by 


JD, = 2484200.0389 +0.0549642 Eo. 


1 | 
5000 10.000 Eb 15000 


Fic. 2. Hy=cycle number of the beat period (zero at 
JDg 2434200.1039) ; 6y=difference between the observed phase 
in the beat ae and that calculated from Walraven’s ephemeris. 


= (JDo— 2434200. 1039) 5.18575. 


The correct beat phase is therefore y-+-dy, and the cor- 
responding A¢ may be found from Walraven’s Fig. 1 
and used to correct the phase given in column 5. This 
corrected phase is given in column 8 and converted into 
days (e) in column 9. Column 10 gives Zo, which is the 
cycle number of the primary period. If Walraven’s 
period were correct, « should be constant. The values of 
e from Table II together with values found from 
Walraven’s observations are shown plotted against Eo 
in Fig. 1. Within the scatter, the points define a straight 
line. It is therefore concluded that the primary period 
Py) has remained constant since the star’s discovery 
although small cyclic changes of a period of, say, one 
to three years are not excluded. Any long-term sys- 
tematic trend or sudden change would, however, 
produce a nonlinear change of e with Ho and can be 
excluded. The difference between the correct period 
and that given by Walraven can be found from the 
slope of the line in Fig. 1, and equals 2.9(+0.2) X10~7 
day, so that P )=0.05496449+-0.00000002 day. The 
mean error given by Walraven for his period (5X10~* 


‘ 
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days) is less than this difference. However Walrave 
published error is likely to be an underestimate si 
it would have required the time interval between 
first and last of Walraven’s observed maxima to 
measured with an accuracy of 6 sec. _ 

The shifts 6¥ as defined above are not well de 
mined. They are shown in Fig. 2, plotted against 
epoch of the beat period £,; the vertical lines are rot 
estimates of their likely error. As far as can be jud; 
the shifts are a linear function of /,, so that there is 
evidence that the beat period is not constant. The r 
beat period is found to be 0.1928341--0.0000004 d 
The difference between the new beat period ¢ 
Walraven’s is within the quoted error of the latter. 

_To summarize, there is no evidence in the availa 
observations that either the primary or beat period: 
SX Phe are not constant. The ephemerides deri 
from these observations are: 


Moment when the ascending branch reaches med 
magnitude: 


JDo 2434200.0389-+ 0.05496449 (EH )+ Ad) +0.000000 
Phase of beat period: 

= (JDo — 2434200.1039)/0.1928341 
Secondary period Pi;=0.04277275 day. 


The colors of SX Phe will be considered in a gené 
discussion of the colors of short-period intrinsic variab 
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Observations made from 1928 to 1932 show intrinsic variations with a range of about 0.5 mag. Variations 
in depths of minima are indicated. Derived normal minima fall between times calculated from O’Connell’s 


and Gaposchkin’s formulas. 


Y 1927 the author undertook a program of visual 
photometry of eclipsing variables with longer-than- 
rage periods, late spectral class, and other charac- 
stics of special interest. The development of modern 
toelectric photometry greatly reduces the value of 
ervations made by such an obsolete method. How- 
r, W Serpentis is such a peculiar object that these 
measures may be of some use to those who are 
rested in it today. Within the past few years 
eral papers have been published dealing with the 
t variations, the spectral changes, and the velocity 
ve of this remarkable system (Fresa 1957; Lynds 
7; Sahade and Struve 1957; and Beer 1958; Hack 
8). 

fy measures were made with an old Zéllner-type 
wizing photometer built by H. Ausfeld of Gotha. In 
instrument, which was attached to the 12-inch 
actor of this observatory, the apparent brightness 
in artificial star is varied by passage of the light 
n a pinhole through two Nicol prisms, one of which 
be rotated. The light from the pinhole is reflected 
» the eyepiece from both faces of a thin plane- 
allel glass plate, while the variable or comparison 
is viewed directly through the plate. The focal 
1es of the telescope objective and of the lens that 
ges the pinhole coincide just in front of the eyepiece, 
that the observer sees the real star between two 
rly equal images of the artificial one. The movable 


Table I. Magnitude difference of comparison stars @ and 0. 


Mean Am Number of 
Year b-—a measures 
1929 0.240 18 
1930 0.259 10 
1931 0.246 8 
Mean 


0.247+0.007 (p.e.) 


Nicol is rotated until the average brightness of the two 
artificial images appears equal to that of the star, and 
the angle of rotation is read. 

Each observation consisted of seven to nine pairs of 
settings on the comparison star and six to eight pairs 
on the variable, thus: cc vv cc vv cc:-:vv cc. Under 
average conditions, such a series could be completed 
in from 15 to 20 minutes. Some indication of the accur- 
acy of the measures is obtained from the agreement of 
observations made during the constant maxima of RS 
Arietis and WZ Ophiuchi. For these two stars standard 
deviations of 0.042 and 0.025 mag., respectively, were 
found. 

W Serpentis was observed during 1928 to 1932. In 
the first season the comparison star was BD —15°4832, 
hereafter called a. At the end of the season a plot of the 
measures showed a systematic drift of the maxima 
over a range of about 0.4 mag. It was at first assumed 
that the comparison star was variable (McLaughlin 
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TaBLE II. Visual photometric observations of W Serpentis. 
Heliocentric® Phase Am Adjusted Heliocentric® Phase Am Adjusted 
JD days v—b Am days v—b Am | 
5397 .805* 3.621 —0.73 es 91.759* 1.274 —0.78 — 093i 
5431.748* 9.256 —0.35 —0.80 95.703 5.218 —0.92 - =—102) 
33. 740* 11.248 —0.40 —0.83 95.721* 5.236 —0.94 —1.04 
36.740* 0.095 +0.53 +0.12 5805. 649 1.010 —0.85 —0.88 
Senos 1.117 —0.47 —0.87 05.667* 1.028 —0.91 —0.94 
39. 743* 3.098 —0.45 —0.83 5805.712 1.073 —0.81 —0.84 
43.735* 7.090 —0.65 —1.00 05.774 1.135 —0.82 —0.85 74 
50. 628* 13.983 +0.51 +0. 22 11.764 VS —0.98 —0.98 | 
51.665* 0.866 —0.38 —0.66 14.700 10.061 —0.82 —0.82 | 
51.761* 0.962 —0.45 —0.73 14.724* 10.085 —0.81 —0.81 \ 
57.706* 6.907 —0.57 =—0.90 15.690 11.051 —0.81 —0.81 ¢ | 
58. 660* 7.861 = 0209 —0.87 18.648 ~~ 14.009 —0.01 —0.01 |. 
62.653* 11.854 —0.49 —0.68 18.747 14.108 —0.02 —0.02 — 
65.628* 0.676 —0.45 —0.61 19.719 0.927 —0.72 —0.72 
650 Li 0.759 —0.58 —0.74 20.727 1.935 —0.86 —0.86 
66. 706* 1.754 —0.75 —0.90 21.688 2.896 —0.87 —0.87 
67 .697* 2.745 —0.66 —0.80 23.694 4.902 —0.92 —0.92 
69.657* 4.705 —0.77 —0.90 23e/ 12% 4.920 —1.01 —1.01 
70. 702* 5.750 —0.87 Woe 27.657 8.865 —0.99 —0.99 
71.660* 6.708 —0.91 —1.02 27 .670* 8.878 —0.95 — 095m 
71.708* 6.756 —0.85 —0.96 28.655 9.863 —1.00 —1.00 © 
72.654* 7.702 —0.84 —0.94 31.666 12.874 —0.70 —0.70 . 
(SESH 8.679 —0.86 —0.95- 33.650 0.704 —0.71 —0.76) 
75.645* 10.693 —0.68 —0.76 33.664 0.718 —0.72 —0.77 
78. 595* 13.643 —0.05 —0.10 33.678* 0.732 —0.69 —0.74 
| 
78.675* 13023 +0.02 —0.03 33.695 0.749 —0.70 —0.75 | 
79. 648* 0.542 —0.61 —0.65 40.639 7.693 —0.76 —0.91 
80.629* 1.523 —0.88 —091 40 .658* OU —0.77 —0.92 
81.607* 2.501 —0.85 —0.88 42.644 9.698 —0.82 —0.97 
83. 605* 4,499 —0.92 —0.93 43.648 10.702 —0.73 —0.88, 
85.624* 6.518 —0.85 —0.85 43 .662* 10.716 —0.77 —0.92 
OSs 599F 0.339 —0.27 —0.27 70.566 9.313 —0.99 —0.99 
94.590* 1.330 —0.86 —0.86 70. 582* 9.329 —0.98 =0.98. 
5715.915 10.351 —0.54 —0.84 73.567 12.314 —0.68 —0.68 
15.926* 10.362 —0.59 0289 (S88) 0.148 +0.10 +0.10 
19.857 0.140 —0.13 —0.43 76.555 . 1.148 —0.66 —0.66. 
19.895 0.178 =—0.11 —0.41 6088 . 866 1.155 —0.76 —0.86 
19.908* 0.191 —0.16 —0.46 88. 882* ile Egil —0.62 —0.72 
19.920 0.203 —0.14 —0.44 88. 898 Tee —0.79 —0.89 
48 . 836 0.812 —0.76 Oe 6100. 830 13.119 —0.50 —0.65 
48 .856* 0.832 —0.71 ‘—0.86 00.850* 13.139 —0.43 —0.58 
48.879 0.855 —0.73 0.88 02.889 1.025 —0.55 —0.70 
61.809 13.785 +0.16 —0.09 19.862 3.844 —0.68 —0.88 
61.823* 13.799 +0.29 +0.04 19.875* 3.857 —0.78 —0.98 
61.840 13.816 +0. 20 —0.05 25.884 9.866 —0.64 —0.84 
61.876 13.852 +0.26 +0.01 26.875 10.857 —0.50 —0.70 
65.855 3.677 —0.55 —0.85 28.804 12.786 —0.63 —0.83 
65.867* 3.689 —0.71 —1.01 28 .822* 12.804 —0.59 —0.79 
66.842 4.664 —0.68 —0.98 28 . 839 12.821 —0.64 —0.84 
71.842 9.664 —0.42 O82 30.773 0.601 —0.29 —0.49 
(Aesth 9.679 —0.46 —0.86 30. 788* 0.616 —0.39 —0.59 
(IRE: bi ys =0.95/ —0.97 30.806 0.624 —0.36 —0.56 
73 .766* 11.588 —0. 52 —0.92 30.846 0.674 —0.43 —0.63 
82.809 6.477 —0.65 —0.95 49.800 5.475 —0.66 —0.76 
82.825* 6.493 —0.58 —0.88 49.814* . 5.489 —0.69 —0.79 
88.782 12.450 =()50 —0.70 56.707 12.382 —0.77 —0.82 
89.673 13.341 —0.23 —0.43 56.724* 12.399 —0.74 —0.79 
89.734 13.402 —0.27 —0.47 56.763 12.438 —0.84 —0.89 
89.789 13.457 —0.26 —0.46 58.713 0.234 —0.28 —0.33 
91.740 TEZ55 —0.76 —0.91 58.730 0.251 —0.27 —0.32 


# Observations made with comparison star a are marked by an asterisk. 
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TABLE II (continued) 
Phase Am Adjusted Heliocentric* Phase Am Adjusted 
days v—b Am JD days v—b Am 
0.269 —0.40 —0.45 12.837 0.518 —0.64 
7.270 —0.79 - —0.84 18.765 6.446 AED 
7.290 05) =0.87 
14.139 +0.37 +0.37 18.787 6.468 =1e10 
0.004 +0.36 +0.36 27.634 1.162 = ens 
27.654 1130 Seas 
0.019 +0.35 +0.35 27.679 1.207 iets 
0.077 +0.30 +0.30 27 .699* 122 ie 5) 
0.095 +0.31 +0.31 
0.139 +0.09 +0.09 6532.719 6.247 —1.09 
0.999 —0.63 —0.63 32.735 6.263 = 1.06 
32.751* 6.279 = 0007, 
1.015 —0.79 —0.79 40.632 0.006 =0,16 
1.031 O75 =0:75 40.651 0.025 0.22 
1.086 0:76 TAS 
6.072 —0.84 —0.84 40.670 0.044 0,21 
6.085 —0.94 —0.94 40.701 0.075 —0.29 
40.718 0.092 —0.20 
78.731 6.099 —0.93 —0.93 40.735 0.109 —0.18 
78.746* 6.114 —0.97 —0.97 41.627 1.001 - —0.96 
ae ae ae te 
86.70 14.075 +0.02 +0. 41.645 1.019 _0.93 
86.726 14.094 —0.04 —0.04 41664 1038 tod 
: 1.682 1.056 —0.95 
i 88.708 1.922 —0.63 —0.63 a ae 1.085 —0.93 
6200. 595 ee +0.19 +0.19 : : 
: 00.656 13.870 +0.19 +0.19 me 
00.674 13.888 4.0.25 40.25 pera oe Brine 
| 01.641 0.701 —0.60 —0.60 pone Los ace 
01.662 0.722 —0.54 —0.54 7750" tips er 
' 07.633 6.693 ED =0.78 
i 07.660 6.720 —0.81 —0.81 
s es 60.639 5.859 =1.02 
| 08.595 7.655 0.88 0.88 Bee 2 car ot 
08.613* 7.673 —0.88 —0.88 60. 704* 5.924 —1.04 
08.634 7.694 —0.89 —0.89 iS ee ce hey, 
6443-893 2.342 1-01 Biase au: 
43.910 2.359 101 oe 
49.884 8.333 S097 ie Pe ieee bie 
49.901 8.350 —0.99 68.681 13.901 —0.36 
49.914* 8.363 —0.94 68. 696* 13.916 —0.45 
62.841 alee —0.92 69.634 0.701 —0.80 
62.860 7.156 —0.96 
62.873* 7.169 —0.89 os oe a 
77.839 7.981 1.10 6893. 765 13.453 O51 
77.860 8.002 110. 93.784 13.472 —0.53 
6511.777 13.612 —0.56 93.803 13.491 —0.57 
11.794 13.629 —0.50 
11.831 13, 666 = Dra 6923. 622 0.849 —1.03 
: 23.685 0.912 —1.16 
11.843 13.678 = Oost 28.622 5.849 —1.06 
| 12.802 0.483 —0.59 35.656 12.883 —0.89 
| 12.821 0.502 —0.65 37.608 0.681 —0.89 


/ 
| 
1929). Accordingly a new comparison star, BD 
—15°4843, hereafter designated 8, was used for all 
later full sets of measures, but short sets of comparisons 
with a were continued. Since the maxima of W Serpentis 
showed systematic variations of the same form relative 
to both comparison stars, it was clear that the varia- 
tions were intrinsic to W Serpantis (McLaughlin 
1935). 

From the measures referred to both a and 6 on the 
same night, the difference between the magnitudes of 


the two comparison stars was determined as shown in 
Table I. A difference of 0.25 magnitude was adopted, 
and all measures made relative to star @ were corrected 
by that amount. 

All of the measures are listed in Table II. The first 
column contains the heliocentric Julian date, and the 
second the phase in days, calculated from the formula 
(O’Connell 1937) 


Min. = JD 2419322.29+ 14.1536 E. 
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The third column lists the measured difference of mag- 
nitude, »—b. Observations made with star a are marked 
with an asterisk, but have been corrected as stated 
above. The fourth column gives value of v—6 with the 
intrinsic variation removed, so far as possible. All of 
these are reduced to the maximum of the intrinsic 
variations. The correction depends largely on the 
author’s judgment in drawing a curve through the 
maxima of light on the plot of each season’s measures. 
Another person discussing the same material would 
doubtless arrive at slightly different results. 

Figure 1 is a plot of the measures made from 1928 
to 1930, as given in the third column of Table IJ. The 
intrinsic variations are conspicuous. Figure 2 contains 
mean curves for the seasons of 1928, 1929, and 1930 
after adjustment for the intrinsic variations (column 4). 
The well-known irregularities during maximum light 
are evident. The observations made in 1931 are plotted 
in Fig. 2 without adjustment. In that year the intrinsic 
variations were small and not well defined, but the star 
was appreciably brighter than in the preceding years, 
and the depth of the minimum was apparently reduced. 

The observations in any one season are insufficient 
to demonstrate differences of depth of alternate minima, 


Tas e III. Comparison of observed and calculated 
dates of minima. 


O’Connell Gaposchkin 
formula formula 

Observed Calculated Calculated 

minimum minimum O-C minimum O-C 
Year JD JD days JD days 
1928 5464.82 5464.95 —0.13 5464.67 +0.15 
1929 5804.39 5804.64 —0.25 5804.35 +0.04 
1930 6172.49 6172.63 —0.14 6172.34 +0.15 
1931 6540.57 6540.63 —0.06 6540.32 +0.25 


an effect noted by Fresa as favoring the double period 
of 28 days. Considering all the material, there are many 
indications that the minima vary in depth, and a sus~ 
picion that alternate minima are deeper. At the bottom: 
of Fig. 2 is a mean light curve plotted with the 28- day 
period, using the adjusted observations of 1928 to 1930 
inclusive. The alternate minima do appear to differ 
appreciably in depth. The deeper minima are those 
calculated with even values of £ in O’Connell’s formula, 
Fresa, on the other hand, found the odd minima deeper. 
The observations of 1931, when the range of variation 
appeared reduced, were all made, by chance, in even 
minima. Their oe would remove the systema 
difference of depth just noted. 

From each season’s observations, from 1928 to 1931, 
normal minima were derived. In Table III these are 
compared with the dates calculated from O’Connell’s 
and Gaposchkin’s (1937) formulas. The minima were 
clearly coming systematically earlier than the times 
computed from O’Connell’s formula and later than dates 
based on Gaposchkin’s elements. However, in view of 
the small number of observations, the fluctuations of 
O-C may not be significant. 

Apparently the period of W Serpentis is increasing 
(Beer 1957; Sahade and Struve 1957). The observations 
presented here strengthen the data in the neighborhood 
of Gaposchkin’s epoch. 
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Some constants associated with tesseral harmonics of the gravitational potential of the earth are derived 

_ by use of photoreduced Baker-Nunn observations of satellites 1958 62, 1959 a1, and 1959 7. Since the 
periods of the long-periodic perturbations due to the tesseral harmonics are known, amplitudes and phases 
of the periodic terms are obtained by the differential orbit improvement program for each element of each 
satellite. On the assumption that tesseral harmonics of higher than fourth degree cannot cause any appre- 
ciable effect on the satellite motion, constants of the tesseral harmonics are derived from the observed 


amplitudes and phases, and are given in Table V. 


I. INTRODUCTION 


‘N a previous paper (Kozai 1961a) the author 
- analyzed Minitrack and field-reduced Baker-Nunn 
«servations of artificial satellites to derive coefficients 
‘zonal spherical harmonics of the earth’s gravitational 
)tential. The accuracy of the observations is about 
/o minutes of arc in topocentric position. Since then 
my Baker-Nunn observations photoreduced at the 
‘imbridge headquarters of the Smithsonian Astro- 
| ysical Observatory have become available; they have 
/ accuracy of three seconds of arc. 

In order to analyze these precise observations one 
‘ust take into account even very small perturbations, 
'ch as those due to tesseral harmonics of the potential. 
owever, the constants associated with the tesseral 
umonics have not yet been well determined. Izsak 
961) has estimated the amplitude and the phase of 
ie second-order sectorial harmonic from the photo- 
duced Baker-Nunn observations of satellites 1959 al 
id 1959 yn. In the present paper the author attempts to 
‘rive some tesseral and sectorial harmonics in the 
irth’s potential from the observations of satellites 
958 62, 1959 al, and 1959 ». 

Although there is no theoretical or observational 
erification, it is assumed here that tesseral and sec- 
orial harmonics of higher than fourth order do not 
fect the motion of the satellites. Therefore, the force 
inction of the earth at a point (r, ¢, \) is expressed as 
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where 7 is expressed in equatorial radii of the earth and 
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In the force function J») is zero. 


Il. PERTURBATIONS 


Mathematical expressions of orbital perturbations 
due to the tesseral harmonics have been derived by 
many authors (Kozai 1961b). 

The tesseral and sectorial harmonics cannot cause 
secular perturbations of the first order in any orbital 
element of the satellite, but they can cause periodic 
perturbations of two kinds: short-period perturbations 
whose arguments depend on the mean anomaly, and 
long-period ones whose periods are nearly integral 
fractions of a day. As the amplitudes of the long-period 
terms are usually larger by a factor of 10 than the cor- 
responding amplitudes of the short-period terms, the 
effects of the short-period perturbations are neglected 
in the present paper. It is also assumed that the eccen- 
tricity is rather small; otherwise, the expressions of the 
perturbations become very much complicated. The 
variations of the semimajor axis @ are always short 
periodic, and are therefore neglected. 

The principal effects due to J, appear in the inclin- 
ation to the equator, 7; the argument of perigee, w; and 
the longitude of the ascending node, 2, with an argu- 
ment 2(/.°’—Q), where 


L,°™ = X,,°™+ Greenwich sidereal time. 


Each of J3°” causes two periodic terms in the eccen- 
tricity e, in the argument of perigee, and in the mean 
anomaly, with arguments 


m(13°—QO)+w and m(13°—Q)—ap. 


Each of J,“ causes one periodic term with an argument 
m (14° —Q) in the inclination, in the node, and in the 
argument of perigee. Therefore, the arguments of the 
periodic terms due to J, and J, are the same except 
for a constant. 
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TABLE I. Orbital elements of the three satellites. 


1958 62 1959 al 1959 » 
Epoch Dec. 8, 1958 April 16, 1960 May 19, 1960 
w 342°1 207°1 241°6 
Q 195°4 137°9 155°0 
i 65°2 32°9 33°4 
e 0.093 0.165 0.189 
n (rev/day) 14.050 11.464 11.069 
n (rev /day?) 1.54103 1.53 10-5 1.4610-5 


Analysis of the observations is made by the differ- 
ential orbit improvement program (DOI) written by 
Veis and Moore (1960). Each orbital element of the 
satellite is expressed by the sum of a polynomial and 
trigonometric functions of time; coefficients in the 
polynomial and parameters in the trigonometric func- 
tions can be improved to fit the observations. 

Since the periods of the perturbations due to the 
tesseral harmonics of the potential are known from the 
theory, the amplitude and the phase are determined by 
the DOI for each argument and for each element inde- 
pendently, without consideration of any theoretical 
relations among amplitudes and phases of various terms. 
However, when terms having a common period appear 
in both the mean anomaly and the argument of perigee, 
the amplitude and phase of one term are improved by 
putting the amplitude of the other term to zero. The 
amplitude thus derived is regarded as that of a sine 
term in the mean longitude from the ascending node 
wt M. 

As mentioned earlier, each of J3°”) causes two terms 
for the eccentricity for the argument of perigee, and for 
the mean anomaly. However, as the amplitude vanishes 
in the mean longitude from the node, the amplitudes 
and the phases of the trigonometric terms are not 
improved; in the eccentricity, those of a trigonometric 
term that has much bigger amplitude are improved; or 
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_ deviations can reach 100 seconds of arc. oe on 


| 


cosw is constant. Since J.” and J, give the. pert} 
bations of the common period, the amplitude and phi 
of a sum of the two terms are derived for each elem] 
from the observations. | 

The present analysis uses about 80 photoreduc\ 
Baker-Nunn observations of satellite 1958 62 ma 
during December 5.0-11.0, 1958 ; 200 of satellite 1959} 
made during April 6.0— 26. 0, 1960; and 300 of satell 
1959 » made during May 8. hee 7.0, 1960. Appro 
mate orbital elements near mean epodee are given | 
Table I. ie 

To get good results one must have many observatio 
well distributed-both in time and in orbit. However, | 
the period-covering observations in a file is = 
polynomial will express the mean anomaly less acci} 
ately because of variable air- -drag effects. The prese} 


ee es 


one set (April 6.0- 26. 0, 1960) for satellite 1959 al; ai) 
three sets (May 8.0-28.0, May 18.0-June 7.0, all 
May 24.0-32.0, 1960) for Giclee 1959 y. In cada S 
the amplitudes and the phases are improved term I} 
term by the DOI. 

Tables II, III, and IV give the observed amplivais 
and phases of various trigonometric terms for ead 
element, where the phase is defined as m\,,™. FA 
earellites 1958 62 and 1959 » only mean values of tw) 
or three quantities (Kozai 1961b) are given. Of the ;| 
sets of observations adopted, two (May 18.0-June/7 . 
and May 24.0-32.0, 1960) for satellite 1959 7 are mos| 
accurately expressed by theoretical formulas, and ver 
small terms are derived only from these two sets. — 

The amplitude of the variation due to Jy) and Ja 
is the largest, about 20 seconds of arc, in the mea 
longitude for satellite 1958 62. Therefore: topocentri 


1959 al and 1959 7 the largest topocentric deviation ma 


if the two terms have nearly equal amplitudes, the two be about 30 seconds of arc. x 
| 
TaBLe II. Results from satellite 1958 62 (December 5.0-11.0, 1958). 4 
= 
Amplitude Phase | 
El t : P i 
ir Observed Computed Observed Computed Hace | 
; ‘ — 
w —0°157X10 —0°079 Se 164° —52.1 Js cos (4 —Q) : 
se all) ; +18 
oti 0°531 10 0°551 x 10 —98° —75° 37.96 Jo™ sin2(I,°) —Q) 
+96 +10 —48.1 Js sin2(1, —Q) , 
4 0°124x 10 0°205 x 10 —56° —75° 15.02 J,® cos2(I2 —Q) 
+98 +45 —5.3 Js) cos2 (14? —Q) 
Q OPM SO ne 0°077 10? —58° —29° 6.95 Jo sin2 (12 —Q) { 
+37 +20 +57.5 Js) sin2 (14 —Q) 
e 0.442104 0.410 104 14°7 Me 12.77 J3® cos (I, —Q)? 
+83 +8.0 ; s 
e 0.344104 0.406 10~4 1052 154° 21.27 J; cos (31; —32—w) . 
+98 +11 i 


= It is assumed that cosw is constant. 


a 
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TaBLeE III. Results from satellite 1959 a1 (April 6.0-26.0, 1960). 


> Amplitude Phase 
Element ‘ 
men eed Computed Oheeedn Computed Harmonic 
@ 0°63 X 107% 0°79X 10% 162° 164° 52.4 J4™ cos (1s —Q) 
#18 ; +15 52.4 J, cos (ls —Q) 
ot+M 02213107 02081 X 10-2 —57° =e 1.91 Jo® sin2 (Jo —Q) 
— +20 — 58.1 Js sin2 (4 —Q) 
z ee 1238 10-8 —60° =e 8.97 Jo® sin? (l—Q) 
95 —20.3 J,® sin2 (,®—a) 
i 02143 10-2 0°104X 10 et [il —74°4 5.80 Jo) cos2 (lz —@) 
+30 +9.8 —27.8 J, cos2 (1s) —Q) 


Ill. TESSERAL HARMONICS 


"rom the observed quantities given in Tables IJ, III, 
LIV, C,“” and S,” can be derived by the method 
least squares or by taking weighted means. Table V 
es the results, along with values derived from gravity 
lasurements by Jefireys (1942), Zhongolovitch (1957), 
#1 Kaula (1959). Values computed with the constants 
‘ived here are given in Tables II-IV for each element. 
‘From the values of C.® and S.®, J2® and dA 
computed : 


Je = (2.3240.30)X10-*, A» = —37°543°8. 
sak (1961) derived the values 
| Jo® = (5.35+0.48)X10-%, d.® =—33°15+0°53 


| using the variations in the ascending node of satellites 
59 al and 1959 y during periods nearly the same as 


those in the present analysis. The big difference in the 
values of J2°) is partly due to J,°. Izsak improved the 
amplitudes and the phase of the term in the ascending 
node by successive approximations; that is, he com- 
puted the amplitudes and the phases in other elements 
by approximate values of J.° and \».° without con- 
sidering any other harmonic and did not improve them 
by the DOI. However, for satellites 1959 a1 and 1959 n, 
the longitude of the ascending node and the mean 
longitude are rather strongly correlated; therefore, 
rather small terms due to J. caused the big difference 
in the value of J.°. 

The standard errors of C,,° and S,°” are based on 
the standard errors of the observed guantities given 
by the DOI. As the amplitudes and the phases are 
determined by the DOI term by term, and not simul- 
taneously, the actual errors are possibly larger than 
those given in the tables. Since it is also possible that 


TABLE IV. Results from satellite 1959 » (May 8.0-June 7.0, 1960). 


Element perae Phase Harmonic 
\ Observed Computed Observed Computed 
w 0°74X 10-3 0°72X1073 162°8 163°5 48.0 Ja cos (14 —Q) 
+8 Oe 
ot+M 02103 X10? 0°80X 107% = 16° —73° 2.09 Jo") sin2 (J) —Q) 
Ee E25 +9 —55.6 J, sin2 (1, —Q) 
PQ 0°120X 10-2 - 0°129X 102 —68°0 —74°7 8.37 Jo™ sin2 (lo —Q) 
+23 +8.0 —17.7 Js sin2 (4 —Q) 
i 0°96X 107$ 0°98 X 10-3 —69°9 —74° 5.51 Jo cos2 (12 —Q) 
+10 +5.8 —25.6 Js® cos2 (14 —Q) 
€ —0.147X 10 —0.150X 10 Ds 22° —4.68 J; sin (13°? —Q)* 
+20 +10 
e 0.29X10-5 0.29X10-* 62° 62° 7.14 J; sin (21; —2Q—w) 
+14 +28 +28 
€ 0.105104 0.10010 157°0 153°9 5.21 J; cos (3/3 —32—w) 
’ #15 +8.0 
Q 0°36X 1073 0°28X 107% 134° its —55.1 Js cos3 (14 —Q) 
15 +20 
t : 0°02X 10% 0°22 10% 63° 331° 42.4 Js sin3 (1, —Q) 
: =&15 +50 
2 0°112X10 _ 08141073 Bees 201° 42.4 I, sind (4 —Q) 
+90 +40 
eos 0°13X 107% 0°90 10-4 215% 201° 27.9 Js cos4 (1, —Q) 
} +10 +30 


* It is assumed that sin» is constant during May 24,0-32.0. 
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TABLE V. Tesseral harmonics as derived by Kozai, Jeffreys, 


Zhongolovitch, and Kaula (unit is 10-8). 


Harmonic Kozai Jeffreys Zhongolovitch Kaula 
Cy 6029 410+ 140 574 46 
So —224+29 0 —158 —41 
C3) 299+-36 210-120 199 56 
S3 118+31 0 —96 81 
C;® 20+20 66435 36 10 
S33) 36+20 0 —50 5 
C;) —171429 0 42 14 
53°) 84427 24+13 34 13 
(On) —25+4 —67 —31 
S40 8+3 —40 —34 
C4) —5+6 0 —1 
S42) 166 8 8 
C4) 443 5 0 
$4) —3+44 =1 — i 
Cc, —543 i} 0 
S44) —2+43 2 2 


neglected harmonics may cause errors in the deter- 
mination, the uncertainties of the values given in 
Table V are probably smaller than the actual ones. The 
results may also be affected by errors in the Baker- 
Nunn station coordinates, the equatorial radius of the 
earth, GM@ and so on. In fact, the undulation of the 
geoid is based on the tesseral harmonics of the gravita- 
tional potential; therefore the station coordinates may 
not be independent of the potential. However, dy- 
namical effects of the long-period perturbations due to 
the tesseral harmonics are very different from geo- 


Baker-Nunn Stations (Kozai 1961c), and it is h 


they appear in the orbit of a close satellite, 
former are much larger than the latter. 
Further, the distribution of the observations 
the periods adopted here is very good, especia 
satellites 1959 a1 and 1959 y, and some Baker 
stations observed the satellites for several consect 
passages during one night; this makes it possi 
separate the dynamical from the geometrical e 
Since almost all the observations are made ne 
servers’ zenith, errors in heights of the stations 
equatorial radius, and GM@ have little effect on 
results. 
Work is in progress to improve the coordinates 


that the more accurate values associated with 
tesseral harmonics of the potential can be deriv 
use of other satellites and other periods. 
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programmed and tested on an IBM 7090. 


“HE expressions for orbital elements obtained in 
Brouwer’s “Solution of the problem of artificial 
lite theory without drag” (Brouwer 1959) contain 
fularities at zero eccentricity constant, e’”’=0, and, 
dd harmonic terms are included, at zero inclination 
stant, J’=0. As Brouwer points out (1959, p. 393), 
te are no such singularities in the coordinates and it 
ald be possible to modify the formulas and obtain 
‘ressions for the oblateness perturbations in coor- 
‘ates. However, the present paper suggests a slightly 
be approach. A set of elements are computed 
ag Brouwer’s results (1959, Sec. 9) with singular 
ims omitted; from these, coordinates are found; and, 
ally, these coordinates are corrected for the terms 
‘ich were set aside. As might be expected, the cor- 
eee prove to be free from singularities, except at 
» critical inclination, /’’=tan~12. This method has 
+ convenient feature of requiring comparatively slight 
idification of the basic formulas, consequently it 
ald be introduced into an existing digital computer 
>gram with a minimum of revision and reorganization. 
The notation of the reference will be utilized in so 
‘as possible and will be introduced as needed without 
‘ther comment. 
The elements @ and J are free from small e” and 
all 7’” singularities, but, as pointed out by Hori, the 
rivation of Brouwer’s expression for eccentricity from 
3 results in terms of the Delaunay variables JL, G, 
d H involves a series expansion which does not con- 
tge unless e>>ko. To avoid this difficulty, it is neces- 
ry to replace the expression 


e— eet éje+ 606, 


noting by 6se the contribution of the short-period 
rms, by 


e=[e’(e’+ e+ 2dse) |. 


The remaining elements require a more elaborate 
eatment. Inspection of Brouwer’s results for the 
elaunay variables /, g, and /# shows that with a little 
arrangement they can be put into the form 


1=1,4+(s./e’’), 
g=gn—(s./e’n)—s; cotl”, 
h=h,+(s;/sinJ”), 


here /,, gn, and h, are free from singularities of the 


(1) 
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The method developed by Brouwer for computing rectangular coordinates of an artificial satellite is 
modified so as to avoid low eccentricity and low inclination singularities. Only minor changes in the calcu- 
lation of the elements are required, consequently it should not be difficult to incorporate these results into 
an existing machine program based upon Brouwer’s expressions. The equations given here have been 


types under consideration and where s, and s; are of at 
least first order in yo. It is consistent with the accuracy 
of the original analysis to express a coordinate, « for 
example, by the first-order terms of a Taylor series, 


x=x(a,e,J,l,g,h) 


Liars 
= vaeLIngnibs)+—| ——- — 
e"Loal n dg 


il pos Ox 
ae cosl” fs (2) 
sinl’’Loh ag 


evaluating the coefficients of s, and s; only to order 
zero in y2. The first term in this equation represents 
the coordinate found using a set of elements from which 
singular terms are omitted, while the second and third 
represent corrections for this omission. 

A convenient form for the calculation of the coor- 
dinates is 

hee Ves 


Y= XoPyt+YuQy; (3) 
2=%oP t+ Vaz, 
with 

X= a(cosE—e), 

You a(i—e)? sink, (4) 

P,=cosg cosh—sing sinh cos, 

Q0.=—sing cosh—cosg sink cos/, 

P,,=sing cosh cosI-++cosg sinh, (5) 


Q,=cosg cosh cos[—sing sinh, 
P,=sing sinl, 
O.=cosg sinl. 
The velocity components, which are now of increasing 


interest because of the importance of Doppler tracking 
methods, may be obtained from 


t= ied fae Yor, 


y= ST ei YwOe, (6) 
z= Bobet YoOe, 
f.= —ne sink/r, 


(7) 


n representing the mean motion in the osculating ellipse. 


Yo=na?(1—e)? cosE/r 
/ 3 
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To evaluate the first bracket in (2) we note that by 
differentiation of Kepler’s equation 
0E/dl=a/r, 
and accordingly find that 


OH OR @ 
——- —=-[—asinEP,+a(1—e*)? cosEO, | 
ol nog r 


1 
a? abies (4.0e— Sha) . 
0 


This can be simplified by taking advantage of the fact 
that, to the required order of accuracy, e=e’’ and 
1—e’=7". After some manipulation, followed by sub- 
stitution from (7), there results 


lpex lox iff 
_ |- | sinB(#.0-— aP-)+200.] 
e"Lal ndgl nln 


valid to order zero in y2. Optionally, 7 may be replaced 
by 7 and a by a’’. Although deriving the corresponding 
expression for the velocity component requires rather 
more manipulation, the details are of so little interest 
that they will not be set forth. Treatment of the second 
bracket in (2), the one arising from the zero inclination 
singularity, is simple and straightforward. Accordingly, 
these details, too, will be omitted. 

Gathering results yields the following expressions, 
free from singularities at e’’=0 and J’’"=0, for the 
coordinates and components of velocity of an artificial 
satellite: 


1p 
Loy (%iO2— Yoke) sinF-+200. |. 
nln 


— (x, cosg—q sing) sink sinIs;, 


SMITH 


ipl 
Dias srt | (EO Yury) sink-+ 2a, | 
Hn iS 
+ («5 cosg—Yw sing) cosh sinIs;, 


ipl 
o= et |= (tu02—YoP,) sinE+ 2002. 
nln 


— (%» cosg—. sing) cosls;, 


9 


il 2 
¢=2,+- “En( ) sinE (yoP2—XwQx) 
cpen 


a 
r 
“= CO8E(YuP2— 402) so 
— (a, cosg—Y. sing) sink sinIs;, 
la a\? ; 
Y= Ynt- =[% (*) (Valeg= 10) sinE 
nr \r 
— (YoPy—Zu0,) cosE ]|s. 
+ (Gq cosg— Yw sing) cosh sinIs;,. 
la ay? 
2=2,+- i) VoP2= 0.) Sime 
qr \F 
— (YoP:—%02) cosE |s. 
— (4, cosg— Ye sing) cosIs;, 
where for brevity «=2(a,¢,1,1,¢,h), %n=2(0,6,1 ln 2n 
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